An investigation of web-based personalisation technologies for information provision focussing on the multiple sclerosis community by Fadi T. Qutaishat (7174022)
University Library 
._ Loughborough 
.. University 
AuthorlFiling Title ........ 0..~"!.~.~.~.~ .. :.!..:; .... (. .... . 
.. ,.UU .... UH ••••••••• ••••••••••••••••••• ........................................... . 
T Class Mark .................................................................... . 
Please note that fines are charged on ALL 
overdue items. 

An Investigation of Web-based Personalisation 
Technologies for Information Provision 
Focussing on the Multiple Sclerosis Community 
by 
Fadi Taher Qutaishat 
A Doctoral Thesis 
submitted in partial fulfilment ofthe requirements for the award ofthe 
degree Doctor ofPhiIosophy at Loughborough University 
July 2007 
Department oflnformation Science - Research School oflnformatics 
Loughborough University 
© by Fadi Qutaishat 2007 
' .. ' .. '-~--> 
CJ~ss 
Abstract 
The exponential growth of online infonnation has made the process of locating 
appropriate infonnation complex. This complexity increases when individuals are 
characterised by changeable needs, preferences, goals or knowledge, because this 
requires the system to personalise or adapt e.g. content in accordance with these 
needs. 
This research developed a prototype system for personalising infonnation and 
investigated the appropriateness of using personalisation techniques. It focused on 
people with MS (Multiple Sclerosis) who have changeable needs. During the 
investigation, a prototype of a personalised system was developed to provide 
personalised content, links and content presentation (i.e. layout). A number of 
personalisation approaches, techniques and models that are used in the domain of 
adaptive hypennedia, were selected in the development of the prototype system. 
Furthennore, XML, XSL and the Apache Cocoon framework were used as the 
underlying technologies for this development. 
In order to better understand and satisfy user needs, users were involved in testing 
during the implementation phase of the prototype system. In this phase, users with 
MS, HCI (Human Computer Interaction) and MS domain experts evaluated the 
prototype system. Feedback helped to detennine users' personalisation needs and to 
understand the characteristics of effective personalised systems within the MS 
domain. 
Results from this research revealed a variety of user needs which can be met by using 
a personalisation approach. It showed that provision of personalised content in tenns 
of the complexity and content presentation and giving users the opportunity to control 
the personalisation process, enhanced the access of people with MS to infonnation 
resources contained within the prototype system. 
( 
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Chapter 1 Introduction 
Chapter 1 
Introduction 
This research work provides an opportunity to explore and determine the role of 
personalisation in facilitating the access to information that is accessed via the World 
Wide Web (WWW). The investigation took place with information that was relevant 
to a community that has different and constantly changing information needs i.e. the 
Multiple Sclerosis (MS) Community. 
The advancement of Internet technology and computers have enabled users to access 
and to publish documents on the Internet irrespective of the time or geographical 
binderies. However, such ease and freedom in producing and publishing resources -
particularly the information resources - has made the Intemet grow exponentially in 
the amount of information that it holds. This in turn makes locating relevant 
resources, understanding emerging trends and managing information increasingly 
difficult (Korth & Silberschatz 1997, pp. 139-140). Moreover, Intemet users are 
increasingly becoming more knowledgeable in their, use of the Web due to the wide 
range of experiences they are exposed to. They are becoming more specific about 
their needs, and they are becoming more proficient in knowing what constitutes a 
good service or a good resource of information (Bonett, 2001). 
Many of today's Web sites are trying to adopt methods by which content can be 
provided or delivered dynamically in accordance with perceived users' needs. The' 
increasing demand on using dynamic content is mainly driven by "the requirements of 
for interactive business transactions, as well as Web sites that are personalized on an 
individual basis." (Kothari & Claypool2001, p. 18). 
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The major challenge confronting accessing Web-based information resource is not the 
lack of content, it is how such content is optimised and appropriately delivered to 
users. Furthermore, users have only limited time while they are trying to find their 
way to relevant/preferred information. This is particularly true in situations where 
"time-sensitive" data are required (e.g. stock market information) (Ko, Yao & Neches, 
2002). 
Appropriate technologies and strategies, which attempt to deliver relevant information 
to users within the exponentially growing Web environment, are increasingly 
developed. Personalisation and particularly Web personalisation is an approach that 
can be used to tackle the formerly mentioned challenges. 
This research project looks at people with Multiple Sclerosis (MS) as the target 
community. This study involves building and utilising a prototype system which 
enables the provision of a personalised service in accordance with highly changeable 
preferences (conditions) for people with MS. 
Web personalisation is defined as the process by which the content or services can be 
adapted to users' needs. Generally, Web personalisation can be achieved by 
combining the knowledge gained from the navigational behaviour of users, the 
perceived interests of users and the structure of the Web site content (Eirinaki et al. 
2004, p. 72). 
The Internet is considered as an ideal place for personalisation where content can be 
adapted based on users' preferences. This is particularly true on Web sites that include 
different types of information. For example, on news Web sites where various types 
of information are found, users might be interested only in reading a certain type of 
information (e.g. sports or market news). Therefore, adapting the news to the 
needs/preferences of users could save time and effort (Liang, Lai & Ku 2006, p. 46). 
This has led to an increasing demand to include personalisation features in many 
services such as portals, online catalogues, virtual learning environments and search 
engines. Despite this wide spread of personalisation features, limited studies have 
been conducted to reveal the impacts and benefits of personalisation (Hepworth et al. 
2006, p. 38-39; Liang, Lai & Ku 2006, p. 46-47). Therefore, this research provides the 
opportunity to investigate the impact and benefits of using personalisation as art 
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approach to access Web-hased information by a target community i.e. the MS 
community. 
Personalisation technology is implemented in many areas; one area is adaptive 
hypermedia. The implementation of personalisation in adaptive hypermedia systems 
aims to guide users through the universe of the hypermedia system through the 
generation of personalised documents and links to individual users (Do log & Henze, 
2003). Therefore, this research project explores how adaptive hypermedia methods 
and techniques can inform the design of a personalised prototype that is intended for 
people with MS. 
People with MS have various physical and psychological conditions that result in 
different needs for information (Hepworth & Harrison 2004, pp. 50-51). MS is the 
most common disabling neurological condition affecting young adults. Within the 
UK, there are around 85,000 people who have Multiple sclerosis (MS). "MS is the 
result of damage to myelin - a protective sheath surrounding nerve fibres of the 
central nervous system. When myelin is damaged, this interferes with messages 
between the brain and other parts of the body" (Welcome to the Multiple Sclerosis 
Society, 2004). Damage in the myelin sheath causes MS sufferers to have various 
physical and psychological symptoms which can vary from time to time. These can 
affect their desire and ability to use information sources (Hepworth, Harrison & James 
2003, p. 291). 
Recently, research studies have been conducted at Loughborough University entitled 
'Information needs of people with multiple sclerosis and the implications for 
information provision based on a national UK survey' (Hepworth, Harrison & J ames, 
2003) and 'A survey of the information needs of people with multiple sclerosis' 
(Hepworth & Harrison, 2004). These studies have investigated the information needs 
of people with MS and suggested possible solutions in order to fulfil those needs 
which could eventually improve the life quality of people with MS. 
The studies suggested that there is a need for information to be made available for 
three communities, which are subsets of the whole MS community, including 
(Hepworth, Harrison & James 2003, pp. 294-300; Hepworth & Harrison 2004, p. 59-
61): 
3 
Chapter I Introduction 
• The general public and the sufferers family: a basic understanding and 
knowledge of MS should be made available to the general public and family in 
order to avoid any misconception about a person with MS. For instance, 
considering MS sufferers as individuals who do not seek to take an active role 
in life due to their illness is a misconception. 
• The service provider, including the health and social care professionals and 
support groups: this would help them to effectively direct people with MS to 
relevant information and practical support. 
• The person with MS: the studies stressed that the person with MS should be 
considered as a person who seeks to take an active role in life and, therefore, 
information provision should help them to achieve that goal. Hence, the 
following categories for information have been identified: 
D Information about MS including: a general explanation about MS, current 
research, drug treatment, symptoms, prognosis, physiotherapy, 
complementary therapy, nutritional advice, health and fitness and 
emotional changes. 
D Information that helps the MS people to interact with the world around 
them including: service providers, support groups, aids and appliances, 
facilities for the disabled, employment issues, communicating about MS 
and leisure activities. 
Also, the studies provided a number of information characteristics for successful 
information provision. Some of these characteristics are due to the differences in how 
people with MS want information. The studies recommended providing the 
information: 
• In a positive manner. 
• In a way that helps and motivates people to take action. 
• In a way that corresponds to the physical, psychological and social situation of 
the person with MS. 
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• In a way that is sensitive to the desire for information and its possible impacts 
on the individual. 
• Using the most effective means of communication. 
• Using different presentation techniques to cater for individual conditions that a 
person with MS may experience. 
Satisfying the different information needs for people with MS can improve their well 
being through increasing their personal control and reducing their reliance on the 
health services (Hepworth & Harrison 2004, p. 49). On the other hand, fulfilling those 
needs is considered a complex task due to the changeable nature of those needs over 
time, the wide range of the topics involved, the differences in the desire for 
information and variations in how the information is needed (Hepworth, Harrison & 
lames 2003, pp. 290-292). 
Bearing this in mind, this research chose to focus solely on the 'person with MS'. In 
addition, the content generated and used within the prototype system was only 
concerned with 'information about MS'. This content was adapted only to the 
physical conditions (including visual problems and fatigue) of people with MS. 
1.1. Aim 
The overall aim of this research is to determine whether access to Web-based 
information, by people with MS, is facilitated by the personalisation of the 
information in terms of the content, links, and presentation. 
1.2. Research questions 
In order to achieve the aim of this research work, there are some questions which need 
to be answered including: 
1. To what extent does modelling users with MS, in a personalised system, based 
on their conditions and state of knowledge (i.e. seen/unseen pages) help meet 
their information needs? 
2. What is the most effective conceptual model for modelling the personalisation 
environment with respect to the MS domain? 
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3. Are technologies such as XML, XSLT and Apache Cocoon appropriate for 
constructing a personalised infonnation system within the MS domain? 
4. What are the most significant characteristics of a personalised infonnation 
system that should be taken into consideration when designing a personalised 
system for people with MS? 
1.3. Objectives 
• Understand the infonnation needs of people with MS. 
• Review the literature in order to identify the approaches, conceptual models, 
and tools that are being used to implement Web personalisation/adaptation. 
• Adopt appropriate personalisation approaches, conceptual models, and tools to 
underpin the design and development a personalised prototype system for the 
target audience. 
• Build a prototype system that provides personalised infonnation access in 
tenns of the content, links, and layout (Le. presentation) to people with MS. 
• Evaluate the prototype system in order to: 
o Acquire feedback from users with MS on the personalisation/adaptation 
functionalities implemented. 
o Acquire better understanding of the MS users' requirements in terms of 
using personalised content, links, and presentation. 
o Assess the effectiveness of XML, XSLT and the Apache Cocoon 
publishing framework to construct a personalised infonnation system for 
the MS community. 
o Develop or adapt a conceptual model of personalisation in order to make it 
applicable to the MS community. 
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1.4. Scope ofthis research 
All research faces limitations that may result in difficulties meeting the research aims 
and objectives. Therefore, when conducting research, it is vital to scope the research 
and its boundaries carefully. 
This research work did not undertake a full users' requirements study. Instead, it was 
based on previous users' needs studies that were carried out by Hepworth, Harrison & 
James (2003) and Hepworth & Harrison (2004). In addition, a better understanding of 
users' requirements was acquired by evaluating a prototype system and utilising other 
data collection methods (explained in Chapter 3). 
Furthermore, this research work did not intend to provide a full-blown system design, 
because this would require time and effort that exceed the boundaries of this research 
work. Instead, a prototype system that applies personalised techniques and 
functionalities was developed. 
1.5. Organisation ofthe thesis 
This thesis is divided into eight chapters. Chapter I presents a brief introduction about 
the thesis including the aim, objectives and research questions. Chapter 2 reviews the 
literature in tenns of two themes - personalisation and adaptive hypennedia (as an 
application area for personalisation). The literature about personalisation reviews 
personalisation in tenns of its approaches and their enabling technologies. The 
adaptive hypennedia literature covers many areas including the structure of adaptive 
hypennedia systems (AHS), elements of adaptation, methods and techniques of 
adaptive hypennedia, examples and models of AHS. Chapter 3 discusses design 
research as the adopted research methodology, the development (i.e. design) 
methodology and the data collection methods that were used in this research. 
Furthermore, the rational behind these choices are provided. 
Chapters 4 and 5 report evaluations of the first and second implementations based on 
the users' responses. In addition, the analysis, interpretations and reflections of users' 
responses are presented in these chapters. Chapter 6 presents a discussion (based on 
the research findings in Chapters 4 and 5) in tenns of the technology and the adopted 
personalisation model. In addition, modifications to the adopted model (based on the 
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research findings) are explained. A future development for the prototype systems is 
also outlined. Finally, a design guideline for the development of a future personalised 
system within the MS domain is provided. In the last chapter (Chapter 7), 
conclusions, recommendations and suggestions for further research are presented. 
Limitations and contributions of this research are also outlined. 
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Chapter 2 
Literature Review -
Personalisation and Adaptive Hypermedia 
2.1. Introduction 
The following chapter is divided into two parts, the first defines personalisation and 
describes its approaches. The second part, focuses on adaptive hypermedia as an 
application area for personalisation. The second part also discusses the current 
practice, methods and techniques and models of adaptive/personalised systems. 
2.2. The concept of personalisation 
Although personalisation can be defined according to many perspectives and contexts, 
the majority of these definitions agree on the fact that personalisation involves the 
process of delivering a tailored service according to certain preferences or interests 
specified by/allocated by explicit or implicit means from users. 
A broad definition of personalisation was given by Searby (2003, p. 13) who stated 
"whenever something is modified in its configuration or behaviour by information 
about the user, this is personalisation". 
Bonet! (200 I) described personalisation as a process of gathering information about 
users during a session of interaction. This information is subsequently used to deliver 
appropriate content and services that meet the user needs. 
The personalisation consortium defined personalisation from a marketing perspective 
as using technology and customers information to tailor interactions to each 
. individual customer (Personalization Consortium, 2000). 
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Personalisation is widely implemented in e-commerce (electronic commerce) Web 
sites to deliver tailored services based on the individuals' profiles (Rossi, Schwabe & 
Guimaraes 2001, p. 275). In the e-commerce context, the ultimate goals of 
personalisation encompass simple objectives such as enhancing the shopping 
experience of customers by only showing relevant items/products. Personalisation, in 
this context, also pursues more complex objectives such as "developing long-term 
relationships with consumers, improving consumers loyalty, and generating 
measurable value for the company" (Adomavicius & Tuzhilin 2005, p. 84). 
Access to information is not restricted in today's world. Due to technological 
advancement, people can access information, anytime and anywhere, using wireless 
devices such cell phones and personal digital assistants (PDAs). However, the 
problem with this is that most information on the Internet is designed to be displayed 
on desktops of broad band users. Therefore, the ability to adapt (i.e. personalise) Web 
content to meet the need of mobile users, in terms of content presentation and 
connection speed, become very important (Zhang 2007, pp. 75-76). Hence 
personalisation to the platform is an issue: 
In the context of the health domain, patient education about their disease can reduce 
the cost of health services and enhance the quality of patients' life. This can be 
achieved by traditional means such as posters and leaflets or by alternative means 
using computers. Several studies showed that such "educational materials have a 
higher impact when they are adapted to the individual patient" (Bental et al. 2000). In 
respect to printed materials, it was found by Skinner, Strecher & Hospers (1994, p. 
43) that tailoring printed materials to women with breast cancer were more 
memorable and read than standard printed materials. 
Conversely, personalisation has faced criticism for being very expensive (in terms of 
the effort needed) to run (compared to the development of normal Web sites) and for 
being time consuming from the users' perspective - e.g. users do not have time to set 
up complex personalisation options (McGovem, 2003; Nielsen, 1998). According to 
Nielsen (1998), it is very difficult for personalised Web sites to guess the needs of 
individuals, because people's desires/interests change quickly. Both McGovern 
(2003) and Nielsen (J 998) argue that a good design of Web sites in terms of layout, 
content and navigation can simply replace the need for personalised Web sites. 
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It is true that many issues can be resolved by presenting a well-designed Web site. 
However, this situation represents the paradigm of one size fits all. Kumiawan et al. 
(2005, pp. 474-475) argued that while a good Web site design helps users to navigate 
and to view content, this does not negate the importance of adapting Web sites to the 
needs of individuals for example with particular impairments. They also found that 
giving older people the opportunity to use personalised options allowed them to use 
the Web more effectively. 
It should be noted however that this does not indicate that personalisation suits only 
people with disabilities, instead it shows the different needs and situations that people 
may experience which can be accommodated using an appropriate personalisation 
approach. 
2.3. Personalisation approaches and techniques 
In order to undertake Web personalisation, the underlying system should be able to 
recognise the users or users groups (Eirinaki &Vazirgiannis, 2003). Most Web users 
have different attributes, preferences, needs or interests, which need to be partially or 
entirely captured and processed (Bonett, 2001). This process of collecting users' 
information is called user profiling, and its obj ective is to build an information base 
relying on users' attributes, preferences, etc. User profiling has played a significant· 
role particularly in the e-commerce environment where collecting information about 
users is vital, as they might be perceived as potential customers (Eirinaki 
&Vazirgiannis, 2003). According to Adomavicius & Tuzhilin (2005, P. 84) and 
Zhang (2007, P. 76), the successful implementation of a personalisation application 
relies on exploiting the users' information which can be collected from their user 
profiles. 
The following sections describe the different approaches and techniques for 
personalisation as well as the various ways in which the users profiles can be built in 
respect to each approach. 
2.3.1. Customisation 
In this approach, users are able to customise the layout of the user-interface and 
content, within a given system, based on a match between the attributes of users 
(which are explicitly collected in the user profile) and the attributes of the content. For 
11 
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instance, when users make selections, these preferences are stored in a user profile 
and then used by the system to filter out the required content and to control the 
presentational aspects of the user-interface (Hyldegaard & Seiden, 2004). 
An enabling technique for this type of personalisation is typically achieved using fill-
in forms. In this technique, data about users are stored in the user profiles which are 
built through the direct involvement of the user. The fill-in forms technique requires 
users to explicitly express their preferences/interests in order to control the type of 
received content and customise the 'look and feel' of the user-interface (Bonett, 
2001). 
Fill-in forms typically can be created using HTML. Fill-in forms contain normal 
content, markup, special elements called controls (e.g. checkboxes, radio buttons and 
menu items) and labels for those controls. The interaction occurs when users complete 
the from by modifying its controls, for example, entering a text value in a text box 
element or selecting a particular radio button value. This interaction is carried out 
before submitting the form to the Web server for processing (W3C Recommendation, 
2004). 
A user for example fills-in a form ordering some items on a commercial Web site, 
such information is then posted to the Web server. A process might occur on the 
server side such as examining if there are enough quantities of the requested items. 
The process of quantities examination can be accomplished by having a scripting 
• 
programme written in a scripting language (e.g. COl, PHP or ASP) on the server side. 
After carrying out the assigned processes, the server sends the page back to the 
browser for the user including a confirmation of the requested item (see Figure 2.1) 
(Nuiiez, 2003). 
~Add" button submit.. to ,;=~~~~~~ 
s .. rver ... _---11 P,.H_" .... f."g"R,,'I .... ~.O 
" .. 1">,,, .. <., .. <11'''·0 
"oI<1'1',,(.H t () 
" .... kl. ".,,1 n( '" t () 
(<>"" f ""t'* .... ~.,'1I1.'( l 
" 
occurs on .... ~v .. r ••• 
I returns. ne"" paQe to the brow ... r 
Figure 2.1 Fill-in form technique (Nuiiez, 2003) 
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My Yahoo is one of the personalised services that uses customisation. In this 
approach, users are exposed to a great deal of options. The user can control the 
content channels which are relevant to their needs (e.g. news, weather, TV, etc.) by 
selecting checkboxes and menus. Furthermore, users can change the presentational 
aspects of the received content on the screen (My Yahoo!, 2004). 
Figure 2.2 shows a customisation page where information relating to weather and 
company news is selected. In response, a Web page including content based on the 
selections made earlier is shown in Figure 2.3. 
Page Name: ~F'ro~t-p~'g-~-----'---'-] 
My Yahoo! Essentials 
o Headlines (IN) 
o Message Cent er eN) 
0~(N) 
o Inside My Yahoo! (/11) 
o Yahoo! Mail preview (W) 
o yahoo! Search (N) 
Business & Finance 
o Stock portfolios (N) 
o Company News (VIf) 
o Market Summary (/11) 
o Currency Converter (VII) 
o Upgrades/Downgrades (N) 
D Earnings Surprises (N) 
o Small Business F eatutes r;\IIr) 
o In Play® (W) 
News 
Community 
D Teen Stuff from Boil (N) 
o fl!ilo CN, 
D Eayorjte ChattQQms (N) 
Cl Message Boards (W) 
Entertainment 
D Artist of the Pay (N) 
D~(W) 
D Gossip (IN) , 
Cl My Napster (N) 
o Music Video ofths Day (N) 
D Horoscopes (IN) 
D Video Features (W) 
Cl TV Listings (\Ill) 
D Movie Show1imes (W) 
D Album Releases (N) 
Figure 2.2 eustomisation options available on My Yahoo (My Yahoo!, 2004) 
• AOL. Earthlink, Microsoft, Yahoo file anti-spam suit (Romen) 
• America Online. EarthLink, Mcrosoft and Y Mool Team Up to Fae First Major Industry Lawsuits Under New 
Federal Anti-Spam Law (EU$i:nessW"lfe) 
• [external) Tech stocks try to get back on track (MCBS MarketWat,b) 
• Livewire: Internet radio finds its groove (Reuten) 
• GE, Juniper Made a Smart TradeofI' (RealCommelltuyfi'orn Th8StlUt.~Om) 
( Qugh'porQugh 
PArisOWAimort 
Il2!WI 
"""'" 
I" """" " """""" " " " """"""""""""""""""""""""""" " """"""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ,~ 
Lo, Arlg&ltt CA 4 
New York MY· 
*indic,tu '''''co w,,""., "".1 
[,:~:~:~.==:~::] I Search I 
uueh by Zip elide Of City 
Figure 2.3 Content received based on the earlier selections (My Yahoo!, 2004) 
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This personalisation approach however has some disadvantages from the users' 
viewpoint. It is considered time consuming for the users to spend time setting up 
complex personalisation features and therefore the provided service may remain un-
utilised (Bonett, 2001). The user profile created by this technique is also static i.e. the 
collected preferences/choices of users are not changed unless the user makes an effort 
to input amendments (Bonett, 2001; Nielsen, 1998; Manber, Patel & Robison, 2000). 
2.3.2. Rule-based personalisation 
Similar to customisation, rule-based personalisation carries out a match between the 
user's attributes and the content attributes based on rules set up by the developers of 
the system. These rules are similar to if/then conditionals and can be used to expose 
users to relevant content. For instance, if a user adds a printer to the shopping cart, a 
typical personalisation response could be a promotion for buying some printer paper 
(Hyldegaard & Seiden, 2004; Payne, 2000). 
However, the drawback of this type of personalisation is that developers should know 
in advance the rules and the reaction of these rules. Also, there should be a continuous 
update of these rules in order to reflect the changing needs of users (Hyldegaard & 
Seiden, 2004; Payne, 2000). 
2.3.3. Behavioural-based personalisation 
This approach refers to personalisation which occurs based on the user's behaviour in 
the system such as clicks, purchases or search tenns. A model of a user (i.e. user 
profile) in this case is built dynamically without any user intervention based on the 
user's behaviour in the system. This user model is subsequently used to filter out and 
recommend relevant content or service to users (Hyldegaard & Seiden, 2004). 
One of the enabling techniques for behaviQural personalisation is click-stream 
analysis. This technique is based on analysing the Web log files that are generated by 
. the Web server each time the user visits a Web page and clicks on a hyperlink. These 
generated files contain infonnation about users' navigational behaviour on a Web site 
(Hall, 2001). These log files can be used to record the navigational paths of users 
including their last location before reaching the Web site, their movements within the 
Web site and the destination on exit. The infonnation in Web log files can be 
intensively analysed. Analysing users' clicks is one of the analyses that can be 
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performed on these files. It is possible in this technique to track the clicked links and 
the time spent on each page (Bonett, 2001). 
Web log files analysis can be advantageous for learning users' behaviour. For 
example, it can be used to segment and characterise users according to their preferred 
pages. It can also be used to observe the most frequent navigational paths on the Web 
site. Accordingly, having such information is vital in redesigning and optimising the 
Web site so that it suits the user needs (Hall, 2001). All these operations can be 
carried out anonymously and therefore the user's privacy is protected (Bonett, 2001). 
The Web log files are usually generated in a text format by the Web server. These 
files are not easy to read in their raw format, particularly if they are to be used to 
identify users' behaviour. Accordingly, special computer programs have been 
developed called 'Log File Analysers' that are capable of reading these log files and 
transforming them into an understandable format e.g. statistics. WebTrends, 
WebSideStory and eXTReMe Tracking are examples of these analytical programs 
(Reading the log files, 2002). 
It can be seen that behavioural-based personalisation can be achieved in two modes -
online and offline. The online mode depicts the situation where users get online 
recommendations as they interact with the system. The system in this case should be 
able to track and analyse the user's behaviour to make appropriate recommendations. 
For instance, Amazon's Web site provides users with direct recommendation based on 
their navigational behaviour or buying history. Behavioural-based personalisation can 
be carried out in an offline mode. Using analytical software, to determine the least 
desired page and undertaking necessary changes (e.g. editing its content) to make it 
more attractive to users, is an example of the offline mode. 
Figure 2.4 represents a recommendation page for the user based on a previous buying 
history ofthat user. 
15 
Chapter 2 Literature Review 
RecQmmended for Mr~, F r Qutaishal' Of y"u',", not MIl. FT Qut..bhat.. ~,) 
Narrow bV Eyent 
pagR vOu Mgde 
Norm ..... by Cotegory 
'""" llIU..I!m 
""" Electronics & Photo 
GardflO $; Q\itdM{'i 
Kitchen &: Home 
pc ft YideQ GamBS 
TOYS Bc Gameli 
Improye your 
Recommendqtlons 
Update your Amazon 
history to improve your 
recommendations 
",,",-,,~ 
Recamowndations for you ate based on items yoq own ilnd more. 
1 
XSl I cpokbgok (cOQkbookS (O'R!!!IIV)) 
by Sal Mangano (Author) 
Publication Date: December 23, 2005 
und 8t DBW from £16.97 
WIO"nlt W"otlnt .... t.d ~Io-(r~ R.t.1t 
R.a>mmHld.d J:, .... ~.e you pu,d ..... d hglnnln~ )lilT (l.d,n) 
2. 
2kw '!"rlght fon beoter 
1geol)! 
ReleaSE! Date: August 21, 2006 
Our PrlciI: £10.<12 
W I Own It C! "lOt I""'"stood xl~** It_I. It 
R.~c"''''.nd.d " •• _u .. you purd.u.d R" .... nt. Ii09DlO C.r.mi<: F..,., ~ .. t., (.tJ!.ii) 
Figure 2.4 Recommendation page based on a buying history of the user (Amazon, 2007a) 
Figure 2.5 shows a statistical analysis for a Web log file that identifies the number of 
visits being carried out by users on a Web site for the year 2003. This statistical 
analysis has been generated using WebTrends software. 
75.000 
70,000 
65,000 
60,000 
55,000 
50,000 
45,000 
40,000 
35.000 
30,000 
25,000 
20.000 
15,000 
10,000 
5,000 
o 
2003 Statistics 
Jan Feb Mar Apr May ,",un .Jul Aug Sep Oct Nov Oec 
Figure 2.5 A statistical analysis of a Web log file using WebTrends 
(AbilityHub,2001) 
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Using Web log files however result in difficulties concerning the increasing size of 
these files. Normally, a Web server writes to the log files each time a user visits the 
Web site. Consequently within a period of time such files may include a huge amount 
of information about users. It is therefore necessary to take the right decisions about 
the preservation time of these log files. In addition, the cost of the adopted software 
that will undertake the analysis should be considered (Fleishman, 2004). 
An alternative behavioural technique is when a user model is built based on a 
community or a group of like-minded people. This is called collaborative filtering 
(Payne, 2000). Collaborative filtering, which is some times called social filtering, is a 
technique by which people's recommendations about a product or a service can be 
automated and then presented to other people who share the same opinions or 
experience. A user may need, for example, to make a choice within a variety of 
options in which he does not have any experience, this user may depend on other 
peoples' opinions who have experienced the same options. In a Web environment 
however where users can have myriad options, it becomes impossible to seek advice 
for each option. Therefore, collaborative filtering systems are being used and 
developed in order to address this problem (Heylighen, 1999). 
Heylighen (1999) described the basic mechanism by which collaborative filtering 
systems work: 
• Recording the preferences of a large group of people. 
• Selecting a sub group of those people that have similar preferences to the user 
who needs advice by using a similarity metric. 
• Calculating an average of the preferences of that sub group. 
• Using the resulting preference function to recommend options for the user 
who needs the advice. 
To provide better chances of relevant recommendations for the advice-seekers, the 
similarity metric, within the collaborative filtering system, needs to select a group of 
people who share similar interests to evaluate the available options (Heylighen, 1999). 
Therefore, the people's interests or preferences need to be collected. One of the 
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possible ways to collect user's preferences is to infer from their previous actions (e.g. 
buying or viewing a product) or by asking them directly to rate a product (Bonett, 
2001). 
Figure 2.6 shows the results when searching for XSLT books using the Amazon 
Website. Choosing, for instance, the first book (in Figure 2.6) returned a page 
including recommendations based on the buying history of like-minded people (i.e. 
people who bought the same XSLT book) (see Figure 2.7). 
However, the collaborative filtering technique has some limitations in that the quality 
of the provided recommendation depends on the size of the sample of similar people. 
A small sample may decrease the quality of the recommendations whereas a large 
sample increases the recommendations' quality (Bonett, 2001). 
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minded people (Amazon, 2007c) 
Having reviewed the personalisation approaches, it was decided to adopt rule-based 
personalisation and behavioural based personalisation. The choice of these approaches 
was driven by research question 1. Applying personalisation techniques based on the 
users' conditions and level of knowledge were best met by adopting rule-based and 
behavioural approaches respectively. 
Personalisation is found in many application areas. One is recommender systems 
where techniques involve analysing users' ratings, analysing users' usage 
information, clustering users with similar interests/preferences etc. Another important 
area for personalisation is adaptive hypermedia which aims to guide users (e.g. 
presenting relevant content) within the universe of a hypertextlhypermedia systems 
based on a maintained user model (Dolog & Henze, 2003). The sections below 
provide an overview of adaptive hypermedia and show the techniques that were used 
to inform the implementation of the adopted personalisation approaches. 
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2.4. Adaptive hypermedia 
Brusilovsky & Maybury (2002, p. 31) mention that Web systems suffer from the 
inability to accommodate the different needs of users with different knowledge, .. 
interests and goals. Such Web systems apply the traditional "one-size-fits-all" 
approach, for instance, some Web-based courses provide the same static learning 
content to students characterized by variant knowledge of the subject. Some virtual 
museums on the Web present the same guided-tour to visitors with different interests. 
A number of Web health sites offers the same information for patients with different 
health problems. 
Therefore, efforts have been moved towards developing methods and techniques that 
are capable of generating more intelligent, collaborative and personalised applications 
to satisfY the different needs of users (Koch 2001, p. I). 
Adaptive Hypermedia is one of the recent research areas that attempts to replace the 
traditional approach. In adaptive hypermedia it is possible to build systems that have 
the ability to adapt their interactions to individual or group of users' preferences, 
interests, goals, tasks, etc. Currently this domain is capturing the attention of many 
researchers from different communities including hypertext, user modelling, machine 
learning, natural language generation, information retrieval, intelligent tutoring 
systems, cognitive science, and Web-based education (Brusilovsky & Maybury 2002, 
p.31). 
2.5. The evolution of adaptive hypermedia 
Adaptive hypermedia has its origin in a previous work related to adaptive hypertext in 
1990 (BrusiJovsky& Maybury 2002, p. 31). Hypertext structure consists ofinterlinked 
pieces of information (i.e. text). The units of information are called nodes and the 
pointers, which counect the units, are called links. Hypertext provides a non-linear 
way for presenting the information which means there would be no single way by 
which the documents could be read/viewed. Therefore, hypertext has become as an 
alternative for traditional text documents which represent the content in a sequential 
order. Figure 2.8 shows the structure of the hypertext as a network being formed 
between the nodes and links. In this network structure, users can not only read the 
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nodes, but they also can move around in an activity called browsing or navigating 
(Wu 2002, pp. 5-6). 
Figure 2.8 The network structure of hypertext (WU 2002, p. 6) 
Hypermedia has the same network structure of hypertext. However, it extends the 
hypertext structure by including multimedia elements within the nodes such as: 
images, videos, audios or animations. Although there are advantages offered by such 
a network structure, there are some shortcomings and limitations including the 
following problems: 
• Navigation and the orientation problems caused when users navigate in the 
system's hyperspace without any guidance. This kind of problem is known as 
" lost in hyperspace" and it increases especially when the hyperspace is very 
large (Wu 2002, p. 6). 
• Providing the same information to users having different needs, goals or 
knowledge (Wu 2002, p. 6). 
• Cognitive overload, which is represented in requiring users to remember the 
hyperlinks and to understand the entire information space of the system in 
order to find a suitable links that lead to desired information (Koch 2001, p. 
3). 
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Adaptive hypermedia systems (AHS) seek to resolve these problems by "adopting a 
user-centred approach" (Koch 2001, p. 3). In this approach the user is observed by the 
system, depending on these observations a user model is built for the individual user 
and adaptation aspects are provided based on the built user model. The adaptation of 
the systems content and presentation can be achieved in AHS by providing users with 
relevant information in an appropriate layout. Consequently, this prevents users from 
facing the cognitive overload problem. Furthermore, the adaptation of the 
navigational paths, by "limiting the browsing space, providing annotations for the 
links, hiding some irrelevant links or suggesting the best link to follow" resolves the 
disorientation problem (Koch 2001, p. 3). 
2.6. Structure of adaptive bypermedia 
Understanding adaptive hypermedia systems/applications can be achieved through 
reviewing their general structure. In this sense, a framework of adaptive hypermedia 
systems, developed by De Bra, Brusilovsky & Houben (2000, p. 2), was outlined. 
This framework was developed to describe and define adaptation and other structural 
aspects in AHS. In this framework there are three types of concepts defined including: 
• Atomic concept or fragment, which represents the smallest unit of information 
in the domain model (i.e. the knowledge contained within the 
hyperdocuments ). 
• Pages, which are composed of fragments. 
• Abstract concept which represents a larger unit of information (i.e. it could be 
a collection of pages which refer to a broad concept). 
These concepts are connected together using concept relationships such as 
prerequisites relationships (i.e. links that lead to prerequisite concepts for the concept 
being viewed). 
According to this framework, the following functions occur in AHS: 
• During the browsing process of users in AHS, all users' activities are observed 
using observation/tracking techniques such as logging of the requested pages. 
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Based on these observations, the AHS builds a user model containing, for 
instance, the user's knowledge about each concept in the domain model. For 
example, the attribute knowledge value (e.g. beginner, expert, etc.) reflects the 
user's knowledge about concepts in the domain model. Another knowledge 
attribute such as 'read' could also be used to reflect if the user has read 
something about the concept being viewed (e.g. if the user has read 
prerequisite concepts). 
• Depending on the user model, the AHS classifies the nodes (pages) into 
groups in accordance with the users' knowledge and interests of the user. The 
AHS manages the existing link anchors and destinations in order to direct 
users to the required and· relevant information. Based on the node 
classification, link anchors could be annotated, disabled or removed - this is 
called adaptive navigation support. 
• The AHS shows, hides, highlights or dims conditional fragment on a page 
when representing it in order to ensure that an appropriate content with 
appropriate level of difficulty or detail has been delivered to the user - this is 
called adaptive presentation. 
Koch (2001, p. 16) devised a model specifically concerned with describing the states 
of adaptation lifecycle and the possible transitions between these states in AHS. She 
describes that AHS go through different states (steps) during their use or stay in 
different conditions when interacting with the user, adapting the presentation and 
updating the user model. These states occurring in AHS are called the adaptation 
lifecycle. Figure 2.9 shows a lifecycle model for adaptation including the states of the 
adaptation lifecycle and the possible transition between these states. The model is 
represented using a UML (Unified Modeling Language) state-diagram (Koch 2001, p. 
16). 
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Figure 2.9 Adaptation IifecycJe (Koch 2001, p. 16) 
In this model four states for adaptation lifecycle are identified encompassing 
'presentation', 'interaction', 'user observation' and 'adjustment'. It can be seen from 
Figure 2.9 that the 'adjustment' state consists of two potential options the 'user model 
update' and 'system adaptation', and the order of their occurrence is determined by 
values stored in the user model. The adaptation lifecycle model also includes four 
sequential transitions: 'user action', 'adaptive reaction', 'observation completed' and 
'adaptation completed'. In addition to the previous transitions, the model includes two 
further transitions represented by the 'user inactivity' and 'non-adaptive reaction' 
(Koch 200 I, p. 16). 
The adaptation lifecycle in this model starts with initial presentation and initial user 
model. The following describes the semantics for states in the model (Koch 2001, p. 
17): 
• In the 'presentation' state the AHS presents an appropriate page with suitable 
presentation elements to the user according to initial values stored in the user 
model. The AHS does not change to the next state (interaction state) until an 
interaction occurs or a 'time-out signal' is received. The user inactivity 
transition in this state represents the system waiting for the user action. 
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• In the 'interaction' state the AHS chooses between two alternative transitions 
in order to respond to the user action including 'adaptive reaction' or 'non-
adaptive reaction'. The later (i.e. non-adaptive reaction) depicts the ability of 
the system to carry out the response without updating the user model and the 
presentation. The former transition (i.e. adaptive reaction) involves updating 
the user model and presentation. Depending on which transition is applied, the 
system moves either to the user observation state or to the presentation state 
(see Figure 2.9). 
• If the transition applied was the adaptive reaction then user observation would 
be the next state in the sequence. The aim of this state is to evaluate the 
collected information during the user interaction with the adaptive hypermedia 
system. 
• After the completion of the 'user observation', the adaptation lifecycle 
proceeds to the adjustments state which involves two sub-states the 'user 
model update' and 'system adaptation'. In the former sub-state, the system 
uses the information collected during the user observation state to update the 
user model. In the latter sub-state, the system uses information collected in 
the user model to apply adaptation on the level of content, links or 
presentation. 
• After the finalisation of the 'adjustment' state, (i.e. as soon as the user model 
updated and system adaptation occurred), the system is then prepared to 
proceed to the next presentation state with all the required adaptations. 
As described earlier, adaptation in AHS can be applied on different levels including 
content, links and presentation. The following describes these levels of adaptation: 
2.7. Levels of adaptation· 
A hypermedia system can be perceived as a set of nodes (pages) connected together 
using links. These pages include some local information, a number of links to related 
pages and sometimes index or global maps which enable users to access all the 
available pages (Brusilovsky 1996, p. 10). 
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The adaptation elements in a hypermedia system are to some extent limited. What can 
be adapted in these systems involves adaptation of content and links (Brusilovsky 
1996, p. 10). Based on these aspects of adaptation, Brusilovsky (1996, p. 10) 
distinguished two different levels for adaptation in AHS: 
• Adaptive presentation, where the adaptation is applied to the content of normal 
pages (adaptation at the content level). 
• Adaptive navigation support, where the adaptation is applied to the links in the 
normal pages, index pages and maps (adaptation at the link level). 
Pattemo & Mancini (1999) presented different elements for adaptation in AHS by 
introducing adaptation at the presentation level (i.e. layout of the user-interface). They 
distinguished the following levels of adaptation: 
• Adaptive content which involves showing different pieces of information 
including texts and images, video, animations, etc. based on the state of the 
users model. For instance, provide more information to experts than novices. 
• Adaptive navigation which is concerned with applying changes to the links in 
AHS. This involves applying changes to links appearance, destinations, 
number and order. 
• Adaptive presentation which is related to providing users with different 
layouts of the system's interface elements using different order of media types, 
different colours and different font size and type. 
It can be seen that the first classification for adaptation depends on the structure of 
hypermedia systems including content and links. The second classification takes the 
presentation element of hypermedia systems into account (in addition to the content 
and links) and applies adaptation on the levels of presentation, content and links. 
Bearing in mind this context, the following reviews the various methods and 
techniques used for applying adaptation focusing on the levels of content and links. 
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2.8. Methods and techniques for adaptation 
Different methods as well as their corresponding techniques can be used to apply 
adaptation in hypennedia systems. Adaptation techniques consist of methods that 
provide adaptation in existing hypennedia systems. Each technique is attributed bya 
specific type of knowledge and perfonns a specific working method (Brusilovsky, 
1996, pp. 2-3). 
The adapti ve methods can be perceived as a generality of the existing adaptation 
techniques. Each method depends on a plain adaptation idea that can be presented at 
the conceptual level of the system, e.g. hiding the links of a concept that is not ready 
to be learned yet. Furthennore, some of these methods can be applied using different 
techniques, e.g. additional explanations can be applied using conditional text, stretch-
text or frame-based techniques (Brusilovsky 1996, p. 3). 
The following sections provide a detailed description of the various methods and 
techniques of the adaptive presentation (i.e. adaptive content) and adaptive navigation 
support. 
2.8.1. Adaptive presentation (adaptive content) 
According to Brusilovsky's classification for adaptation, the aim of the different 
adaptive presentation methods and techniques is to make the content that is 
read/viewed by users adaptive to their knowledge, goals, background and preferences 
(Brusilovsky 1997, p. 13). 
Brusilovsky (1996, pp. 14-15) distinguished various methods and techniques to apply 
adaptive presentation at the content level. The following is Brusilovsky's (1996, pp. 
14-15) classification for methods of adaptive presentation at the content level: 
• Additional explanations: this is the most frequently used method of content 
adaptation. The idea of this method is to hide the pieces of infonnation, 
concerning a particular concept, that do not match with the user's level of 
knowledge about that concept. For instance, detailed concept infonnation can 
be hidden from users showing little knowledge about that concept. 
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• Prerequisite explanations: based on the user level of knowledge (reflected in 
the user model), the AHS provides prerequisite links between concepts. These 
links present all the prerequisite information about a concept, which are not 
well known to the user, before showing the concept itself. 
• Comparative explanations: also based on the user level of knowledge about a 
concept, the system provides similarity links between concepts. The idea of 
this method is to present comparative explanations (similarities and 
differences) between a related concept and the concept being presented if both 
are known to the user. 
• Explanation variants: this method considers that hiding or showing pieces of 
information does not always satisfy users, because different users have 
different information needs. Therefore, the AHS maintains several variants for 
some portions of the content and the user then receives the matching content 
variant depending on the user model. 
• Sorting: the idea of this method is to sort the fragments of information in a 
descending order i.e. form the most relevant to the least relevant. Depending 
on the user background and level of knowledge, the most relevant fragments 
are shown first in content order. 
There are a number of adaptive presentation techniques that are used to apply the 
methods of adaptive presentation. As mentioned before, a method can be applied 
using more than one kind of the following techniques (Brusilovsky 1996, pp. 15-16): 
• Conditional text: in this technique all the related pieces of information about a 
concept are partitioned into several chunks of texts. Depending on the user's 
level of knowledge stored in the user model each chunk is linked to a 
particular condition. When information is required about a concept, the AHS 
only shows the chunks that meet the condition (i.e. the system only shows the 
chunks which fulfil the associated conditions and the level of user knowledge). 
• Stretch-text: hypermedia or hypertext systems normally contain hot-word(s) 
within the page that leads to another page or object when clicked on. Instead 
of moving to another page, the stretch-text technique replaces the hot-word 
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with extendable and suitable text that fits with user level of knowledge. 
Furthennore, it is possible to shrink the extended text back again to a hot-
word. Therefore, when infonnation is required about a concept, the AHS 
detennines which hot-words are extended and which are shrunk in an initial 
presentation according to the user's level of knowledge. Moreover, this 
technique allows users to control the processes of extending and shrinking the 
text ifthe system's suggestions did not match their needs. 
• Page variants: the idea in this technique is that the AHS maintains two or more 
alternative pages having different presentations of the same content. Each 
page is ready to fulfil one of the existing user models. Therefore, when a page 
is requested the system presents one of the alternative pages to users that 
corresponds their user model. 
• Fragment variants: is more fine-grained than page variant technique. This 
technique considers that a page can present more than one concept to users 
and therefore the system maintains different explanations for each concept. 
Accordingly, the system provides users with different explanations of concepts 
that matches their level of knowledge about these concepts reflected in the 
user model. 
• Frame-based technique: in this technique all the infonnation concerning a 
particular concept is presented in the fonn of a frame. Each frame has several 
slots which can be used for several purposes, for example, to present variants 
of explanations for a concept or to present links to other frames. The 
appearance and the order of these slots are detennined by special presentation 
rules. These rules can be used, for instance, to calculate the presentation 
priority for each slot within a frame where slots with highest priority are 
presented first to users. These rules take into account the values stored in the 
user model (e.g. level of knowledge) when calculating the presentation 
priority. 
Table 2.1 shows techniques that can be used in order to implement each one of the 
adaptive presentation methods. For instance, the explanation variants method can be 
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applied using the conditional text, fragment variants, page variants or frame-based 
technique. 
Table 2.1 Methods and techniques of adaptive presentation (Brusilovsky 1996, p. 15) 
Additional, 
prerequisite and 
comparative 
explanations 
Explanation variants 
Sorting 
x 
x 
2.8.2. Adaptive Navigation Support 
x 
x x 
The goal of adaptive navigation support at the content level is to support the users in 
their navigational activities by avoiding presentation of irrelevant navigational paths. 
This is achieved by adapting the way of presenting the links in accordance with the 
user's knowledge, goals and other characteristics maintained in the user model 
(Brusilovsky 1997, p. 14). 
Brusilovsky (1996, pp. 18-21) has identified possible methods and techniques for 
adaptive navigation support. The following depicts Brusilovsky's (1996, pp. 18-21) 
classification for methods of adaptive navigation support including: 
• Global guidance: the objective of this method is to support the users in finding 
the shortest path to the infonnation they want to find or to learn about, which 
may be scattered in several nodes across the hyperspace. This method can be 
applied in a way where the system can recommend suitable links to users at 
each navigational step from the current node. This in turn helps users to 
achieve their global goal. 
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• Local guidance: the aim of this method is to aid the users in one browsing step 
by suggesting the most relevant link (i.e. the best link) from the current node. 
This method does not consider global goals, instead the suggestions are made 
in accordance with the users' knowledge preferences or background stored in 
the user model. 
• Global orientation: the aim of the global orientation method is to help users to 
understand the overall structure of the system's hyperspace and to understand 
! his or her current position in it. This method can be considered as a user's 
guided tour that supports the users to gradually build a comprehensible idea 
about the entire hyperspace. 
• Local orientation: the objective of this method is to assist the users in 
understanding 'what is around' within the hyperspace i.e. understanding the 
various navigational possibilities from the current node. Also, this method 
aims to help users to follow the appropriate links. 
• Personalised view: the personalised views method provides users with a way 
to organise personalised views of the system's hyperspace. Each view consists 
of a set of links that leads to nodes which are appropriate to the user's goals. 
In classic hyperrnedia systems, it is the users responsibility to create and 
manage these personalised views, but in the AHS the adaptation of the 
personalised views is more developed; for example, some AHS use intelligent 
agents which are responsible for creating and maintaining up-to-date set of 
links (i.e. up-to-date personalised view) relevant to the users' goals. This 
method is appropriate for users who only need to access small portions of the 
system's hyperspace. 
The following depicts the techniques of adaptive navigation support which can used 
to apply the earlier methods of adaptive navigation support. The implementation of 
these techniques depends on manipulating the anchors and links taking into account 
the current state of the user model. Brusilovsky (1996, pp. 12-13) identified the 
following techniques: 
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• Direct guidance: in this technique the system shows only one best link to users 
to proceed with their next browsing activity. The system provides these links 
according to the user's goals and other significant characteristics represented 
in the user model. However, The direct guidance technique has some 
limitations - it provides users with limited support and does not suit users who 
do not like to follow the system's recommendations. 
• Adaptive link sorting: in this technique all the links available within the nodes 
are sorted according to the user model values (knowledge, background or 
goals). Sorting of links is carried out in a descending order from the most to 
the least relevant links (i.e. the most relevant links are placed towards the top). 
However, adaptive links sorting has some disadvantages - it can not be 
applied to the contextual links (i.e. links embedded within the context of the 
presented content that cannot be removed from it e.g. hot-words) and can 
hardly be applied on the indexes and content pages links. This technique can 
only be used with the non-contextual links (links which are independent from 
the context of the presented content). Furthennore, this technique is 
considered unstable since the order ofthe links may change each time the user 
visits a page. 
• Link hiding: the objective of the link hiding technique is to limit the 
navigation possibilities by hiding inappropriate links based on the user goals. 
This technique helps users to avoid the cognitive overload problem and the 
complexity ofthe hyperspace by leaving only the relevant links shown. 
• Links annotation: with this technique the link anchors are consolidated with 
comments according to the values (i.e. knowledge) represented in the user 
model. Using links annotation technology gives users an idea about the state 
of the nodes behind the annotated links. Links annotation can be applied in 
different fonns (as in textual or visual hints that use different colours, icons, or 
font sizes) in order to indicate the degree of appropriateness. 
• Map adaptation: the map adaptation technique is concerned with adapting the 
structure of hypennedia maps (i.e. graphical representations of the links 
structure). This technique can only be applied to the links available within 
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global maps (i.e. a graphical representation of the overall system's 
hyperspace) Qr lQcal maps (i.e. a graphical representation Qf a local area Qfthat 
hyperspace) Qfhypermedia systems. 
Table 2.2 shQWS techniques that can be used to implement each method from the 
adaptive navigation SUPPQrt methQds. For instance, the method glQbal guidance can be 
applied using the direct guidance Qr sorting techniques. 
Table 2.2 Methods and techniques of adaptive navigation support (Brusilovsky 1996, p. 17) 
Global guidance x x 
Local guidance x x x x x 
Global orientation x x x 
Local orientation x x x 
After reviewing the techniques Qf adaptive hypermedia, for this research it was 
decided to. chQose particular techniques that are applied on content, links and 
presentational aspects Qf the content (i.e. the layout). In terms of content adaptatiQn 
techniques, it was believed that applying the conditional text technique would be 
more appropriate compared to the others because it was necessary to be able to. filter 
Qut the content based Qn the user's cQndition (research questiQn 1). The stretch-text 
technique was also deemed appropriate, however it was decided to keep the 
implementation of this technique simple (i.e. to let the user to cQntrol when to. expand 
Qr shrink the content) because the users' requirements at this stage were nQt 
determined. In terms of link adaptatiQn techniques, it was decide to implement the 
direct guidance technique. This chQice was deemed useful as it allowed the 
implementation of behavioural persQnalisatiQn based on the user's knowledge 
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(research question 1). Finally, the implementation of hiyout personalisation in terms 
of using different font size and background colour were deemed necessary as this 
could cater for the different sight problems. 
2.9. Examples of adaptive hypermedia systems 
A good number of AHS have been constructed to act as information resources that are 
capable of serving a wide range of groups or individuals. Those groups or individuals 
may have different backgrounds, goals, experiences, preferences and knowledge. 
Therefore, such AHS have adopted several adaptive features to accommodate 
differences between users while providing the information. 
Most of the existing AHS serve as single-purpose applications, i.e. they contain 
specific topic content. Exceptional cases can be found in some developed AHS where 
they serve as a general-purpose application (authoring system). These authoring 
systems are capable of generating systems on different topics (De Bra & Calvi, 1998). 
The following are illustrative examples of these AHS. Most of these systems were 
developed in the educational domain: 
2.9.1. InterBook System 
InterBook is a Web-based authoring system that has been designed to serve as an 
electronic textbook (ET). This ET is capable for presenting different topics, from the 
educational domain, as online course material. The following presents some structural 
aspects and adaptation features used for this authoring system (Brusilovsky, Eklund & 
Schwarz 1998, pp. 291-300): 
2.9.1.1. 1nterBook structure and adaptation 
The InterBook approach utilizes two types of knowledge when adapting its content 
and link structure - knowledge about the introduced domain (i.e. the domain model) 
and knowledge about students (i.e. the user model). The domain model can be 
perceived as a collection of the domain concepts that are interlinked via the links 
which depict the relationship between concepts in the domain model. Each user model 
contains values, which reflects the user's knowledge about concepts within the 
domain model. Furthermore, each user model is kept up-to-date through monitoring 
the students' actions (e.g. their browsing activities and quizzes answers). The values 
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in the user model are then used to alter (i.e. increase or decrease) the students' level of 
knowledge about the given concepts. 
InterBook uses the following structure for content representation: 
• The glossary: this constitutes the main part of the ET. The glossary visualises 
the nodes from the system's hyperspace by representing the concepts from the 
domain model and showing links between these concepts. In other words, each 
glossary entry is assigned to one domain concept, and the links between 
domain model concepts establish navigational paths between glossary entries. 
The objective of the glossary is to provide a description for concepts from the 
domain model. In addition, the glossary section provides links to all sections 
that introduce or require the current concept (see Figure 2.10). 
• Indexed textbooks: In InterBook, each ET is structured as hierarchical units of 
a human-written textbook including: chapters, sections, and subsections. The 
units in each ET are indexed based on the concept of the domain model. This 
allows the system for instance to identify the prerequisite concepts needed for 
the current concept. Each unit in an ET is attached to a group of related 
concepts, which is called the 'spectrum' of the unit. This spectrum includes 
the names and roles of the involved concepts. In the current implementation of 
InterBook, two types of concept roles are supported - outcome concept and 
prerequisite concept. A prerequisite concept exists when the user is required to 
know this concept to understand the content of the unit (see Figure 2.10). An 
outcome concept means that some parts of the unit provide knowledge about 
this concept (see Figure 2.11). 
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Figure 2.10 An entry in the glossary page (Brusilovsky, Eklund & Schwarz 1998, p. 296) 
The InterBook approach applies several navigational features (see Figure 2.11): 
• Regular navigation features include: 
o Moving sequentially (forward and backward) or hierarchically (up and 
down) within the unit hierarchy. 
o Providing a navigation centre, which allows students to move to all 
sections at the same or upper level. 
o Generating a table of content. 
o Generating links between the ET units and the glossary pages through 
links in the concept bar. 
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• Advanced navigation features include: 
o Providing a concept bar shows outcome and background (prerequisite) 
concepts for the involved unit. Links in the concept bar are able to transfer 
the student to the corresponding glossary pages (see Figure 2.11). 
o Providing links in each glossary page that transfer the students to all the 
units of an ET, which introduce or require students to the current concept 
(see Figure 2.10). 
• Adaptive navigation support: InterBook implemented adaptive navigation 
support using the adaptive link annotations technique. This technique was 
achieved by using special icons (traffic light icon), fonts and colours for links 
based on the users' level of knowledge, to show the state of the educational 
concept behind links. In InterBook, a red colour means that the concept is 'not 
ready' to be learned, green colour means 'ready and recommended' to be 
learned and white colour means 'no new information'. Moreover, using the 
checkmark in front of a link means this link leads to an already visited page 
(see Figures 2.10 and 2.11). Using the annotations within some parts of an ET 
can indicate different meanings (other than the mentioned above), for 
example, in the concept bar using a small checkmark means 'unknown', a 
medium checkmark means 'learned' and a big checkmark means 'well-
learned'. 
• Direct guidance: in InterBook, this technique was achieved by using the 
'Teach me' button (see Figure 2.11). Clicking this button makes the system 
select the most appropriate link in each navigational step until the learning 
goal is reached. 
• Prerequisite-based help: this technique was adopted in InterBook to help 
students who have problems with understanding some of the explanations 
presented due to not understanding some of the prerequisite information. This 
technique was applied through using the 'Help' button in the toolbox (see 
Figure 2.11). Clicking this button allows the system to generate a list of links 
for all the sections that provides prerequisite concepts for the current section. 
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The generated list oflinks is sorted according the student's level of knowledge 
where the most 'helpful' links are listed first. 
: ';,;~::lh rule is a statement of a paructuar 
,c controls behavior, Examples 
the g~~ is to classify a person 
and he is unmarried 
classify him as a bachelor 
IF the goal is to add two digits d1 and d2 
and d1+ d2 "" d3 
set as a subgoal~ to write d3 in the 
,The condition, of a production rule (the IF part) 
, of a specification of a goal and a number of 
while the action' of a production rule (the 
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Figure 2.11 InterBook Navigational and Adaptation Features (Brusilovsky, Eklund & Schwarz 
1998, p. 297) 
2.9.2. KN-AHS System 
KN-AHS is an adaptive hypertext system that depends on the current user's level of 
knowledge when adapting the content. KN-AHS utilises software called BGP-MS for 
constructing the user model components. The following presents an overview of the 
functionality of BGP-MS and shows how it communicates assumptions about the 
user's knowledge to the KN-AHS system (Kobsa, Muller & Nill1994, pp. 99-105): 
2.9.2.1. BGP-MS Specifications 
BGP-MS (which stands for Belief, Goal, and Plan Maintenance System) is a user 
modelling shell system that receives information about users from the application, and 
in return provides the application with assumptions about the user's knowledge of the 
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current concept. This process, which is carried out independently (i.e. the user model 
is not integrated in the KN-AHS system), involves a communication process between 
BGP-MS and KN-AHS (see Figure 2.12). 
Hypertext 
System 
a) Reporting an observation 
(bgp-ms-tell (belief s (beliefu (:concept CONCEPT)))) 
b) Query concerning assumptions about the user 
(bgp-ms-ask (belief s (beliefu (:concept ROLE»))) 
c) Answer 
(YES) 
BGP-MS 
Figure 2.12 Communication between KN-AHS and BGP-MS (Kobsa, Miiller & NiII1994, p. 100) 
Figure 2.12 shows the communication process between BGP-MS and the KN-AHS 
systems. This process involves the following steps: 
• The user's actions are tracked by KN-AHS and then reported to BGP-MS. 
• KN-AHS asks BGP-MS about particular assumptions concerning the user's 
knowledge of the current concept. 
• In return BGP-MS provides KN-AHS with those assumptions. 
The BGP-MS system uses a partition mechanism that allows collecting different types 
of assumptions about users such their knowledge, goals, stereotypes of users groups. 
In this mechanism, all partitions are ordered in a hierarchical structure where inferior 
partitions are capable of inheriting the content from the superior partitions. These 
partitions include the following (see Figure 2.13): 
• The user model is represented in SBUB (System Believes User Believes) and 
SB,UB partitions. The SBUB partition contains assumptions about the user's 
knowledge and SB,UB partition contains assumptions about what the user 
does not know. 
• Stereotypes of users: the current implementation of the KN-AHS system 
included the following types of user groups and subgroups: 'any person', 
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'Hypertext user', 'PC user' and 'CS student'. These stereotypes contain 
typical characteristics of potential users for the KN-AHS system with different 
backgrounds. The stereotype 'any person' includes general information that is 
available to any type of users. The other subgroups of stereotypes contain 
typical characteristics of users with different backgrounds; users of hypertext 
systems, PC users and computer science students. These subgroups of users 
inherit the content from the general stereotype' any person' . 
• The SB partition represents the domain knowledge of the KN-AHS system. 
any 
person 
/ -----'-----, r-~---' 
I Hypertext I user L 
---
,-' 
Figure 2.13 Partitions and stereotypes hierarchal structure (Kobsa, Miiller & Nill1994, p. 100) 
In BGP-MS, each individual user model is assigned to one (or more) stereotype(s). 
This is accomplished by a mechanism that analyses the received users' observations 
and then establishes connections between the user-model (which is included in the 
SBUB and SB,UB partitions) and the matched stereotype(s) so this stereotype 
becomes active. These connections can be deleted so that the stereotype becomes 
inactive (see Figure 2.13). This process of activation and deactivation is necessary 
because, for instance, the computer science students would definitely have knowledge 
in using PC; consequently, activating the 'PC user' stereotype would be needed. 
In KN-AHS, assumptions about the user's familiarity with concepts can be 
accomplished through the messages that are reported from KN-AHS to BGP-MS. 
These messages are important when adapting the hypertext documents. For instance, 
to generate an assumption about the· user's familiarity with a concept, KN-AHS 
reports observations about the user's actions to BGP-MS. Some of these observations 
contain information that is concerned with the user's knowledge about a concept. This 
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information constitutes primary assumptions reflecting the user's familiarity or 
unfamiliarity with the concept( s) presented. These primary assumptions are then 
incorporated in the SBUB and SB,UB partitions and compared with the all 
stereotypes. Consequently, matching stereotype(s) then become active. 
2.9.2.2. KN-AHS structure and adaptation 
The user interface in KN-AHS consists of a number of regular and adaptive areas 
which aid users in reaching their learning goals. These areas encompass the following 
(see Figure 2.14): 
• Headings area. 
• Text objects area that includes textual and graphical objects. Boxed text 
elements can be found within the text called hot-word, for example, the word 
'Konzepten' (means concept). 
• Status line area, which informs the user about the possible functionality 
assigned to the hot-word. 
• Action buttons, which provide users with the navigational functionalities 
within the KN-AHS hyperspace. These action buttons include the following: 
o Context-sensitive help button. 
o Table of content button (produces graphical table of content). 
o Dialog history button, which generates a clickable list of links that have 
. been already accessed by the user. 
o Context-independent glossary button. 
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Headings Hypertext page Text object 
Status line Hotword 
Figure 2.14 The user-interface in KN-AHS (Kobsa, Miiller & NiII1994, p. 102) 
KN-AHS implements the stretch-text technique for content adaptation using hot-
words within the text. Moving the mouse pointer over the hot-word informs the user 
about the assigned functionality with these hot-words. This functionality involves 
moving users to another text object that provides additional information for the 
current hot-word, or showing a pop-up menu that contains the following functions: 
• Erkliirung (Explanation): provides additional information that explains the hot-
word. Such additional information can be inserted near to the hot-word or in 
some situation it replaces the hot-word with a term or expression. 
• Grafik (Graphic): shows a graphical representation that demonstrates the hot-
word. 
• Glossar (Glossary): shows a glossary page that contains the current hot-word. 
• Detail-Info (Detailed Information): inserts additional information near to the 
hot-word. 
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For each expandable hot-word there is a corresponding concept, which represents that 
hot-word in BGP-MS. Hence, any perfonned action on a hot-word enables KN-AHS 
to make assumptions about the user's familiarity with that hot-word and its 
corresponding concept. These assumptions are then reported to BGP-MS. The 
following assumptions can be made when users perform the following actions: 
• If the user selects an explanation, a graphic or a glossary definition for a hot-
word, then the user· is assumed to be unfamiliar with this hot-word and its 
corresponding concept. 
• If the user unselects an explanation, a graphic or a glossary definition for a 
hot-word, then the user is assumed to be familiar with this hot-word and its 
corresponding concept. 
• If the user requires further infonnation for a hot-word (i.e. the user already 
knows this hot-word and asks for additional infonnation), then the user is 
assumed to be familiar with this hot-word and its corresponding concept. 
An automatic adaptation process occurs when the user moves to a new text object. 
Based on the assumptions that are received from BGP-MS about the user 
familiarity/unfamiliarity with the corresponding concept for each hot-word, KN-AHS 
can perfonn the following actions: 
• If the user is reported as unfamiliar with the corresponding concept of a hot-
word, then a basic explanation is automatically added to this hot-word. 
• If the user is reported as familiar with the corresponding concept of a hot-
word, then further infonnation is automatically inserted near to this hot-word. 
• If there is no reporting available then the hot-word is not changed. 
Referring back to Figure 2.14, it can be seen that the user requests additional 
information for the hot-word "Konzept" through clicking on the 'Detail-Info' element 
in the pop-up menu. Additional information is inserted next to that hot-word as a 
response to the user's request. Such user action makes KN-AHS presume that the user 
is familiar with hot-word and its corresponding concept. In return, BGP-MS enters 
that corresponding concept in the SBUB partition as a known concept and draws 
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assumptions about the user's knowledge. Based on these assumptions, BGP-MS starts 
the stereotypes mechanism, which initialises (activates) suitable stereotype(s) for that 
user and then inheritance links are added or deleted between those stereotype( s) and 
the individual user model. 
In Figure 2. I 5, the user has moved to a new text object 'Rollen'. Before moving to 
that hot-word, KN-AHS asked BGP-MS about the user familiarity with the hot-word 
'Rollen'. Based on certain rules, BGP-MS reported to KN-AHS that the hot-word 
'RoIIen' and its corresponding concept 'RoIlen' were known by the user, because they 
were included in the SBUB partition. Consequently, KN-AHS automatically inserted 
additional information to the hot-word 'Rollen' even though the user did not explicitly 
ask for this additional information. 
Figure 2.15 Automatic insertion of additional information to the hot-word (Kobsa, Miiller & NiIl 
1994, p. 104) 
2.9.3. The AHA system 
AHA (Adaptive Hypermedia Architecture) is an adaptive hypermedia authoring 
system that allows authors to generate adaptive hypermedia systems on any desired 
topic. AHA was originally developed to serve as an educational hypermedia system. 
Later, AHA was developed into a generic authoring system, which is able to generate 
systems with adaptive content and link structure according to a maintained user-
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model. The following presents an overview of some significant aspects in AHA (De 
Bra & Calvi, 1998): 
2.9.3.1. AHA specifications & adaptation 
In AHA, the user-model is represented by using a set of pairs (c,v), where 'c' 
represents a concept and 'v' reflects the user's knowledge about that concept. Boolean 
values true/false are used in AHA to denote the concept value 'v'. In AHA, users are 
able to select link colours; therefore, 'c' could indicate the user preference of link 
colour and 'v' would include an explicit colour value. The knowledge about a 
particular concept is generated in two ways - either by reading a page or by taking a 
test associated with a concept. 
AHA maintains a user log file for each individual user. In this log file two log values 
are stored each time the user accesses a page - the start and the end periods for 
reading a page. The collected infonnation is also used for seen or unseen pages. 
Depending on the user's level of knowledge, which is represented in the user model, 
AHA presents the infonnation differently. To achieve such a different provision of 
content, AHA uses the fragment variants technique for content adaptation (see Section 
2.8.1). This technique is applied in AHA by using pre-processors, which filter out 
fragments of texts according to particular conditions structured in the fonn of HTML 
comments. Listing 2-1 is an example of this structure. 
Listing 2-1 Fragment variant example (De Bra & Calvi, 1998) 
<!-- if definition and history --> 
This part appears if the two nconcepts" 
definition and history are both known 
according .to·theuser model. 
,<!-~ else --> 
If this.is not the'· case then/this 
al ternati ve is presented .. instead ... 
<:'!...;- endif" ,'-'-> 
AHA depends on the user level of knowledge to present different link structures in 
order to guide users to relevant infonnation. This is achieved in AHA using the 
techniques of adaptive link annotation, adaptive link hiding and adaptive link removal 
(see Section 2.8.2) . 
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Adaptive link annotations is applied in AHA using classes of links, where each link is 
associated with one of these classes depending on the user model. AHA uses different 
types of classes to classify links specified by authors. These classes include 
conditional, unconditional, good, neutral and bad. A colour scheme is then applied to 
distinguish links in these classes using a CSS file (cascading style sheet). Hence, each 
colour indicates the appropriateness of the information behind these links. Moreover, 
AHA allows users to configure their preferred link colours of these classes through a 
set-up form. 
Adaptive link hiding is implemented in AHA through making the anchor of the 
undesired link unnoticeable. This is achieved by changing the text colour of the link 
into black so it becomes unnoticeable (because the surrounding text colour is black). 
The link's functionality remains and it only can be noticed when moving the mouse 
pointer over the link. 
Adaptive link removal is a subtype of adaptive links hiding. Adaptive links removal 
means that not only is the link text colour made unnoticeable from the surrounding 
text, but also the link's functionality is removed. Adaptive links removal is achieved 
in AHA by transforming the link's anchor tag into conditional text as in Listing 2-2. 
Listing 2-2 Adaptive links removal example (De Bra & Calvi, 1998) 
<!-- if desired --> 
<a.href=· ... ·>here·is the link anchor text</a> 
<!::-- else "';-:>'; , 
here is the link anchor text 
<! -- endif --> 
2.9.4. Personalised information systems for patients 
Unlike the AHS developed within the educational domain, few AHS have been 
developed within the health domain. Bental et al. (2000) mentioned that although 
there are overwhelming range of health information systems on the Web, few of them 
offer personalised features to patients. 
However, in research carried out by Bental, Casawy & Jones (I999, 172-174) a 
number of personalised systems that tailor information to the patient's needs are 
listed, including; 
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• Piglit system: this system was based on AI (Artificial Intelligence) techniques 
to provide tailored information for patients with diabetes. The goal of this 
systems was to allow patients to understand and manage their conditions via 
providing them with the required information based on their medical records. 
The content provided in Piglit included information about the disease, 
treatment, the patient's medical records, hospital and health professionals 
involved in care and local sources of support. 
• Migraine system: similar to Piglit, the Migraine system used AI techniques to 
produce personalised information for patients with migraine. However, this 
system depended on a simple interview (i.e. fill-in form) instead of using the 
patient's medical records for content personalisation. 
• Stress control: is a tutorial system that helps patients with anxiety to cope with 
their condition. The systems is divided into eight sections where each section 
includes information relevant to a particular type of anxiety. Users can be 
directed to the appropriate section after filling-in a simple questionnaire which 
identifies the patient's level of anxiety. 
Bental, Casawy & Jones (1999) also outlined other systems. However, these systems 
were used to generate personalised printed materials such as leaflets. For example, 
Grassic was a system used for generating personalised leaflets based on the medical 
record for patients with asthma. Healthdoc and OP AD were also systems used for 
generating tailored leaflets, however, these were based on simple fill-in forms 
completed by patients. The Healthdoc system was used to generate health promotion 
leaflets, and the OP AD system was used for generating more informative 
prescriptions. 
The problem with these systems is that most of them were used in clinician evaluation 
settings and there was no complete study that revealed the effectiveness (and even the 
cost) of using personalised systems by patients. However, evaluation results for some 
of these personalised systems showed that patients either benefited from, read more or 
felt positive about the information when it was personalised to their current 
situations/conditions (Bental, Casawy & Jones 1999, p. 178). 
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No subsequent literature was found that shows the current state or the underlying 
technologies used for development of these systems. In addition, there was no 
indication if these systems have taken into consideration the accessibility issues 
concerned with information personalisation. 
2.10. Models of adaptive hypermedia 
The structure and functionality of hypermedia or hypertext systems can be described 
at an abstract level. Reference models are a way to accomplish this. These reference 
models are used to describe the conceptual elements (i.e. network structure of nodes 
and links) and the functionality of these systems. In addition, using these reference 
models is useful in providing a basis for comparisons as well as developing standards 
for interoperability among these systems (Koch 2001, pp. 62-63; Wu 2002, pp. 13-
14). 
The specifications of the reference models use the following types of techniques 
(Koch 2002, p. 63): 
• Formal techniques: involves using specification languages based on 
mathematics, logic or algebra. 
• Semi-formal techniques: where the specifications are presented and structured 
using diagram or tabular techniques. 
• Informal techniques: involves using natural languages to represent the 
specifications. 
In 1988 and 1990, two workshops on hypertext were held at the Dexter Inn in New 
Hampshire. These workshops were concerned mostly with existing hypertext systems 
and the common abstraction found among them. To capture and formalise the 
discussions of these workshops, the Dexter hypertext reference model was introduced 
(Halasz & Schwartz 1994, p. 30). 
Although several models have been introduced for describing hypermedia or 
hypertext, the Dexter model has proved to be the most widely used reference model 
for describing the architecture and modelling most kinds of hypermedia or hypertext 
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applications. Therefore, it can be used as the basis for developing reference models 
for adaptive hypermedia applications (De Bra, Houben & Wu 1999, p. 147). 
2.10.1. The Dexter hypertext reference'model 
The Dexter model is an attempt to capture, both formally and informally, the 
important abstractions found in a wide range of existing and future hypertext 
systems. The goal of the model is to provide a principled basis for comparing 
systems as well as for developing interchange and interoperability standards. 
(Halasz & Schwartz 1994, p. 30) 
The following is an overview of the Dexter model including its different layers and 
mechanisms that form the model (Halasz & Schwartz 1994, pp. 30-37): 
The Dexter model, which has been formally specified using a specification language, 
divides a hypertext system into three layers, the 'Run-time' layer, the 'Storage' layer 
and the 'Within-component' layer. These three layers are connected by interfaces 
called 'Presentation Specification' and 'Anchoring' (see Figure 2.16). It is worth 
noting that in the Dexter model the word hypertext refers to both hypertext and 
hypermedia systems. 
Runtime Layer 
Presentation of the hypel'text; 1-
user interaction; dynamics 
Presentation Specifications 
Storage Layer f- Focus of the 
a 'database' containing a 
Dexter Mode 
network of nodes and links 
AnchOling 
Within Component Layer 
-
the content/structure inside 
the nodes 
Figure 2.16 The three layers of the Dexter model (Halasz & Schwartz 1994, p. 33) 
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The layers of the Dexter model are described in order of priority during the course of 
the following sections. 
2.10.1.1. The Storage layer 
In the Dexter model the main focus is on the storage layer, which models the network 
structure of nodes and links which constitute the core of any hypertext system. The 
storage layer describes the structure of a hypertext system as a finite set of 
components. These components are treated as generic data containers. The structure 
of these containers is not modelled in the storage layer (because this is the concern of 
the Within-component layer) and therefore, this layer handles textual and graphical 
components in the same manner. 
A component in the storage layer is one of the following entities: 
• An atomic component which represents nodes in hypertext systems. 
• A link component which represents the relationships between components. 
• A composite component which has a recursive structure and made out of other 
components. This structure must be constructed in a way that ensures that no 
component can be a subcomponent of itself either directly or indirectly. 
In Figure 2.16, 'Anchoring' is a critical interface between the storage layer and the 
within-component layer. Anchoring is a mechanism by which the hypertext system 
addresses locations or items within the content of a component. Another critical 
interface is also found between the storage layer and the run-time layer that is the 
'Presentation Specifications'. Presentation specifications is a mechanism that involves 
information about how the Run-time layer should present a component to the user. 
For each component there is global unique identity (UID), which uniquely identifies 
the component in the hypertext system. In the storage layer two important functions 
are the 'resolver' and 'accessor' functions. These two functions are responsible for 
retrieving and accessing the components. The resolver function is responsible for 
resolving a 'component specification' into a UID(s), which is then used by the 
accessor function to access the correct component(s), i.e. map the UID into the 
component itself. Hence, in the Dexter model, hypertext systems are modelled as 
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atomic, links and composite components with associated resolver and accessor 
functions. 
More precisely, a component in the storage layer consists of a component UID with 
associated 'component infol1TIation' (see Figure 2.17), which describes the properties 
of the component (other than its content) including: 
• A sequence of anchors which can be used as an index to the component. 
• A presentation specification: includes infol1TIation for the run-time layer about 
how the component should be presented to the user. 
• A set of attribute/value pairs, which can be used to attach any property to a 
component. 
An anchor is an indirect addressing entity that consists of two parts - an 'anchor id' 
and an 'anchor value'. The anchor id is responsible for uniquely identifying the 
anchor within the scope of its component. Therefore, the anchor can be uniquely 
identified within the entire hypertext by the 'component UID-anchor id' pair. The 
anchor value contains an arbitrary value that specifies some location, region, item or 
substructure within a component. 
The anchor id and values serve as fixed point of reference for a link, which is used by 
the storage layer. When a component is edited during the run-time layer, the within-
component layer changes the anchor value to reflect the change in the component's 
substructure or to reflect the new point, region or item to which the anchor is attached. 
However, the anchor id remains constant. 
In the storage layer, the anchoring mechanism is combined with another mechanism -
component specification mechanism (see Figure 2.17) - to provide end points for a 
link. This is called a 'specifier' which consists of: 
• A component specification. 
• An anchor id, which serves as an end point of a link. 
• A direction which specifies if the end point of a link is considered as a source 
of a link, a destination, source and destination or neither. In the model, these 
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directions are represented using the values: from, to, bi-direction and none 
respectively (see Figure 2. I 7). 
• A presentation specification: this is part of the interface between the storage 
layer and the run-time layer. 
In the storage layer there is a set of defined operations which enable access to or 
modification of the hypertext structure. These defined operations encompass adding a 
component e.g. adding an atom, a link or a composite, deleting a component or 
modifying the content of a component. Furthermore, there are operations for 
retrieving a component according to its corresponding UID or specifier. 
Atom #3346 
Composite #4112 
ComponenUnfo Componellt_Info Attributes 
Presentation Spec_ 'resolves to} Attribntes 
AIlchorS[ValUe ~~"f ~ Presentation Spec _ Anchors IvaJ.ue J.j).1 Content jj, Some arbitrary text that is Content :~ the xxxxx of this node Some xxxxx n here. . 
and so 011 and so Oil. Atom #332 Atom # 099 
Specitier e\ 
Component_Spe #3348 some text fib, Anchor_ID # 1 in here 
Direction: FROM 
::7 Presentation_Spec _ Specifier Component_Spec #4112 Anchor_ID # 1 
Direction: TO 
Presentation_Spec _ 
Figure 2.17 The overall structure of the storage layer (Halasz & Schwartz 1994, p. 35) 
2.10.1.2. The Run-time layer 
The run-time layer describes how the components should be presented to the user. 
This presentation is based on the 'instantiation' of a component, which is the essence 
of the run-time layer. During the instantiation of a component, a copy of that 
component is cached. When a user views or edits this instantiation, it is then written 
back into the storage layer reflecting the changes that occurred to the instantiation. 
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More than one instantiation can occur simultaneously. In order to distinguish between 
them, each instantiation is attached to an instantiation identifier (lID), which uniquely 
, 
identifies the instantiation within the run-time layer. 
In the run-time la,Yer, instantiation of a component leads to instantiation of its anchors 
- this is known as 'link marker'. The anchor in the run-time layer refers to an 
attachment point or region and the link marker refers to the appearance of that anchor 
within the displayed page/document. 
In the run-time layer each instantiation consists of a 'base instantiation' that serves as 
the presentation of a component to users, a sequence of link markers and a function 
that maps the link markers to the anchors which they instantiate. 
To keep track of all changes occurring to components' instantiations (e.g. when a user 
views or alters a component instantiation), the run-time layer uses an entity called 
'session'. In particular, when users access· a hypertext system, a session is opened. 
When components are displayed, their instantiations are created; this is achieved 
through an operation called 'presentComponent'. As mentioned before, the user is 
able to alter the instantiation; this is achieved in the Dexter model through an 
operation called 'realizeEdits'. It is also possible for the user to destroy the 
instantiation through an operation called 'unPresent'. If the user deletes a component 
through one of its instantiations, then all of other related instantiations are 
automatically removed. Finally, when the user finishes interacting with the hypertext 
system, the session is closed. 
This session entity consists of the following: 
• The hypertext system involved. 
• A mapping from the lID of the current instantiations to their associated 
components in the hypertext. 
• A history, which represents a sequence of all the operations that have occurred 
since the last 'openSession' operation at any given time. 
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• A run-time version of a resolver function that is responsible for mapping a 
given specifier into a component UID that matches the specifications (similar 
to the storage layer's resolver function). 
• An instantiator function which is composed of a component UID and a 
presentation specification. The presentation specification of this function 
contains information about how the instantiated component should be 
presented during the instantiation. 
• A realiser function which includes the run-time layer's operation 'realizeEdit'. 
2.10.1.3. The Within-component layer 
This layer is specifically concerned with the content and the structure of components 
that form the network of the hypertext system. This layer deliberately was not 
elaborated in the Dexter model. This is because there are different content types 
which can be used within the components such as graphics, text, animation, 
simulations, images, etc. Therefore, it would be impractical for the within-component 
layer to cover all of these types of data. 
2.10.2. AHAM: the adaptive hypermedia application model 
The AHAM model is a reference model for adaptive hypermedia applications, based 
on the abstract description of hypertextlhypermedia. The AHAM model is considered 
as an extension to the Dexter model and informal definitions have been chosen to 
describe the AHAM model. Although this model was primarily developed within the 
educational domain, it intended to act as a generic model which is capable of 
modelling any type of adaptive hypermedia systems (De Bra, Houben & Wu 1999, p. 
147). 
The following is an overview of the AHAM model (De Bra, Houben & Wu 1999, pp. 
149-155): 
As in the Dexter model, AHAM divides AHS into three layers: the Run-time layer, 
the Storage layer and the Within-component layer. These layers are connected by the 
same interfaces - 'Presentation Specifications' and' Anchoring'. 
54 
Chapter 2 Literature Review 
In AHAM, the focus is also on the storage layer, which is described as a network of 
nodes and links. This network structure consists of three parts: 
• The domain model, which represents the author's view of the application 
domain. 
• The user model, which contains tracking information about the user that 
reflects how much the user knows about the each concept in the domain 
model. 
• The teaching model, which consists of rules that help to carry out the 
adaptation. These rules contain information, which identify how the domain 
model and the user model influence each other when presenting information 
from the domain model. Such rules are fed into the Adaptive Engine of the 
AHS that is responsible for generating the right presentation specifications of 
components to users. 
Hence, the AHAM model defines any AHS as a tuple <DM, UM, TM, AE> where the 
'DM' is the domain model, 'UM' is the user model, 'TM' is the teaching model and 
'AE' is the adaptive engine of the AHS (see Figure 2.18). 
Run-time Layer 
Presentation Specifications 
Teaching Model 
Domain User 
- Storage Layer 
Model Model 
Anchoring 
Within-Component Layer 
Figure 2.18 The structure of the AHAM model (De Bra, Houben and Wu 1999, p. 149) 
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In the Dexter model, the storage layer uses the term 'component' to denote nodes and 
links, whereas the storage layer of the AHAM model uses the terms 'concept' and 
'concept relationships' . 
A concept is an abstract representation of an information item from the domain 
model. It is represented as <uid, cinfo> pair where uid is a unique identifier of the 
concept and cinfo is the component information. The component information consists 
of a set of attribute-value pairs, a sequence of anchors and a presentation 
specification. 
As in the Dexter model, AHAM distinguishes between atomic and composite 
components: 
• An atomic concept represents a fragment of information. 
• A composite concept has a child attribute which is a sequence of concepts. A 
composite concept is classified further into two types: 
o An abstract composite which is composed of other composites, i.e. 
composed of children that are themselves composites. 
o A page concept which is composed of children that are themselves atomic 
concepts. 
To ensure the conformance with the Dexter model, the hierarchy structure of the 
composite concepts must be a 'directed acyclic diagraph' which means that no 
component can be a subcomponent of itself directly or indirectly. Also, each atomic 
concept should be at least a sUbcomponent of one concept. 
In AHAM a sequence of anchors of a concept enables links to be attached to a 
specific part of a component. Each anchor is defined in AHAM by <aid, avalue> pair 
where: 
• aid is a unique identifier of the anchor in the scope of its concept component. 
• avalue which can be any value that represents some location, region or item 
within a concept component. 
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The AHAM model uses the term concept relationships as an alternative to the term 
links reflecting that it can be used for several purposes not only for navigation. These 
concept relationships consist of a sequence of components, which are represented as 
specifiers. Similar to the Dexter model, each specifier needs to be resolved to UJD(s) 
of a composite concept(s) that corresponds to a page or pages. A specifier is defined 
in AHAM as a tuple <uid, aid, dir, pres> where: 
• uid is a unique identifier for a concept component. 
• aid is a unique identifier for an anchor. 
• dir is a direction including: FROM, TO, BIDIRECT or NONE. 
• pres is the presentation specification. 
The concept relationship is defined in AHAM by <uid, ss, cinfo> where: 
• uid is a unique identifier !Jf a concept relationship. 
• ss is a sequence of one or more specifiers. 
• cinfo is a component information which includes: 
o A set of attribute-value pairs. 
o A sequence of anchors. 
o A presentation specification. 
The concept relationships (links) are used in AHAM for navigation and also for 
adaptation in most of the existing AHS. The following types of relationships are 
captured in AHAM: 
• Prerequisite concept relationship: means that the specifiers with the direction 
'FROM' represent a prerequisite knowledge for those specifiers with the 
direction 'TO'. 
• Inhibitor concept relationship: means that in order to have access to the 
specifiers with the direction 'TO', the user must not have too much knowledge 
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about the corresponding concepts of those specifiers with the direction 
'FROM'. 
A distinctive feature in AHAM is the use of a user model (this is not found in the 
Dexter model). Most AHS are characterised by maintaining a user model, which 
reflects the user's knowledge about the domain concepts and other information (e.g., 
browsing history). AHAM uses a table representation for each user to conceptually 
represent the user model (see Table 2.3). 
Table 2.3 A tabular representation of a user model (De Bra, Houben and Wu 1999, p. 151) 
uid (name) knowledge value read ready-to-read 
intro wellleamed tme true 
Xanadu lea11led tme true 
KMS llotknown false true 
WWWl well knov,m tme true 
W\x/W2 not known false true 
WWW leamed false false 
For each user, there are particular attributes associated with each concept in the 
domain model including: 
• Concept uid which is a unique identifier of a concept. 
• Knowledge value which represents the user's knowledge about a domain-
model concepts. Some AHS use a boolean representation for this value 
indicating that the concept is either known or unknown to the user. Other AHS 
use a small set for representing the knowledge value such as: not known, 
learned, well learned and well known. 
• Read attribute which indicates if the user has read something (fragment, a 
page or pages) about the concept. This attribute is useful particularly in Web-
based AHS where the anchors or links to seen pages can be marked differently 
from those unseen pages. A boolean representation or a list of accessing 
times are possible values for this attribute. 
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• Ready-to-read, this attribute is used less frequently than the above attributes. It 
indicates if the user is ready to read the concept. This attribute would be true if 
enough prerequisite knowledge has been satisfied. 
Another distinctive feature in AHAM (which is not found in the Dexter model) is the 
use of a teaching model which is considered as the core of the adaptation in AHAM. 
This teaching model collects information from the domain model and the user model, 
which are then fed into pedagogical rules. Such rules are responsible for determining 
how the information should be presented to the user. Two types of pedagogical rules 
are distinguished in AHAM including: 
• A Generic pedagogical rule, which is defined by <R, PH, PR> where: 
IJ R which is a triggered rule. 
IJ PH is a phase for a rule execution where it values 'pre' and 'post' values. 
The pre value indicates that the phase of a rule is executed before and 
during the page(s) generation. The post value indicates that the phase of a 
rule is executed after the generation of the page(s). Having two-phase 
values are useful when it is required, for example, to carry out some 
adaptations depending on the current state of the user model (i.e. pre 
phase) and then to update the new state of the user model after the 
generation ofpage(s) (i.e. post phase). 
IJ PR is a propagate field, which shows if the current rule is going to trigger 
other rules. 
• A specific pedagogical rules, which is defined by <R, SC, PH, PR> where: 
IJ R is a triggered rule. 
IJ SC is a set of concept components. 
IJ PH is a phase of execution. 
IJ PR is a propagate field. 
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These rules are used to set the attributes of the user model. Also, they have priority in 
execution over the generic rules. 
As in the Dexter model, AHAM calls a resolver function (due to the user's action on 
the system e.g. following a link) to resolve a given specifier to a uid of a composite 
concept that corresponds to a page or pages. The selection of page(s) depends on the 
information collected from the domain model and the user model. For each selected 
page, an accessor function is called to return the concept component that matches the 
resolved uid. 
An arbitrary syntax was chosen to describe these rules in AHAM. The following are 
some illustrative examples of these pedagogical rules: 
• <access(C) => C.read :~ true, post, true>. This rule indicates that when a 
page is accessed then the 'read' attribute for the corresponding concept in the 
user model becomes "true" in a post phase. This rule triggers another rule, 
because its propagate field value is true. 
• <access(C) and C.ready-to-read ~ true => C.knowledge-value :~ well 
learned, pre , true>. This rule represents that if the page attribute (ready-to-
read) for the corresponding concept in the user model is 'true' and it is 
accessed, then the knowledge value of that concept becomes 'wellleamed' in 
a 'pre' phase. 
These pedagogical rules only set the attributes in the domain-model concepts and the 
user model values. The interpretation (i.e. the actual execution) of these rules is part 
of the AHS. Specifically, these rules are implemented by the 'adaptive engine' of the 
AHS. The working methodology of the adaptive engine can be summarised as in the 
following; 
Initially, the adaptive engine restores all the saved attributes from the user model. 
Depending on the user model, the adaptive engine resolves the specifier to a page 
concept by applying the pedagogical rules that are responsible for determining the 
relevant page for that specifier. The engine then executes the rules with the 'pre' 
phase, which result in determining the presentation specification of the page (i.e. 
determine which fragments are going to be shown, hidden and possibly sorted). The 
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engine then applies the actual techniques, which are responsible for generating the 
required HTML pages on the Web browser. All the rules with the 'post' phase are 
then executed. Finally, all the altered attributes are saved into the user model. 
2.10.3. The Munich Reference Model 
The Munich model is a reference model for adaptive hypermedia applications. The 
objectives of this model are similar to the objectives of the previously mentioned 
models which are to describe the functionality of adaptive hypermedia applications at 
an abstract level, and also to provide the basis for the development of these 
applications. 
The following is an overview of the Munich reference model (Koch & Wirsing 2002, 
pp. 213-221 ): 
The Munich reference model is similar to the AHAM model in that it is based on the 
Dexter reference model with some enhancements depicted in the inclusion of the user 
modelJing and adaptation aspects. However, the Munich Model takes an object-
oriented approach where UML is used to formally and visually represent the model. 
Whereas AHAM takes a more database oriented approach where tuples are used to 
represent the model. 
The Munich reference model has been used in the deVelopment ofSmexWeb. This is 
an adaptive learning system that is capable of observing the behaviour of students and 
reacting adaptively according to these behaviours. Each time a student enters into the 
system, a component called 'Tutor' is setup. The main functionality of this component 
is to record the student's actions and preferences and then adapt content, links or 
presentation in accordance with these actions and preferences. The system maintains a 
user model for each student to store the actions and preferences. This user model is 
updated continuously to ensure that relevant adaptation features are presented to 
students (Albrecht, Koch & TiIIer, 2000) 
The Munich reference models uses the same three layers (the Run-Time layer, the 
Storage-Layer and the Within-Component layer) of the Dexter model. However, the 
functionality of these layers are extended in Munich model to include user modelling 
and adaptation aspects (see Figure 2.1 9) 
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Figure 2.19 UML representation for the architecture of adaptive hypermedia applications (Koch 
& Wirsing 2002, p. 215) 
Figure 2.19 provides an overview for how the Munich reference model describes the 
architecture of adaptive hypermedia applications. This architecture includes: 
• The Run-Time Layer: the objective of this layer is to describe how the 
components (nodes and links of the system) are presented to users. Also, this 
layer is responsible for collecting information about users' interactions and 
behaviours. The functionality of this layer is still the same as in the Dexter 
model. However, the functionality of gathering users' behaviours and 
interactions is considered as an extended feature. As in the Dexter model, the 
presentation of components are based on the instantiation mechanism where 
the 'HD' and 'LinkMarker' and the session entities have the same 
functionality. The only difference is that these entities are depicted in Munich 
reference model using UML. Furthermore, all users' interactions, e.g. editing 
an instantiation or following a link, are recorded in a history that constitutes 
the basis for applying the adaptation mechanism. 
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• The Storage Layer: as in the Dexter model, this layer describes the network 
structure of nodes and links of the hyperrnedia system. However, the objective 
of this layer is to support the adaptation in hypermedia systems and therefore, 
the storage layer is divided into three sub-models (see Figure 2.19) including: 
o The 'Domain-Meta' model: this is responsible for managing the network 
structure that is formed by nodes and links of the adaptive hypermedia 
system. As in the storage layer of the Dexter model, the 'Domain-Meta' 
model describes the structure of the adaptive hypermedia system as a finite 
set of components, but with three functions (instead of two) including 
resolver, accessor and constructor. The first two functions operate exactly 
the same as in the storage layer of the Dexter model. The constructor 
function allows for the construction of adaptive components. 
o The 'User-Meta' model: the objective of this model is to describe both the 
structure and the management of each user model within the system. This 
model is divided into subsystems including 'UserManager' class, a set of 
users and a set of functions including 'initialiser', 'updater' and 
'evaluator'. The 'User-Meta' model depicts the users of an adaptive 
hypermedia system by 'User' class connected to an aggregation of a class 
'UserID' and a set of 'UserAttributes' (see Figure 2.20). the 'UserID' 
uniquely identifies the user within the universe of the system and the 
'UserAttributes' are a representation of users' relevant characteristics for 
the application. Different information can be stored in the 'User-Meta' 
Model such as knowledge, preferences, background experience, etc. 
Therefore, this information is classified into two classes including 
'DependentAttr' and 'IndependentAlrr' classes. The first class contains 
users' characteristics that are related to the domain model components. 
The second class contains users' characteristics that are not related to the 
domain model components - e.g. user's preferences or background 
knowledge. 
o The 'Adaptation-Meta' model: this model is responsible for achieving the 
required adaptation using two classes - 'Adaptation' and 'Rule' classes 
(see Figure 2.21). The 'Adaptation' class includes three operations: an 
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'adaptation resolver', a 'finder' and a 'trigger'. The first operation resolves 
a component specification into a component UID that builds an adapted 
page. The second operation uses a mechanism that returns all the triggered 
rules at a given time. The last operation triggers the rule itself. The 
execution of these rule is accomplished by the 'executor' operation which 
is part of the class 'Rule'. This operation allows the system to select the 
appropriate component and to apply content, presentation and link 
adaptations in addition to updating the user model. An object of the class 
'Rule' consists of two classes - 'Condition' and 'Action' classes and 
attributes including 'phase' and 'propagate'. The functionality of these 
attributes is similar to the functionality of the 'phase' and 'propagate' 
fields of the AHAM model. The 'Condition' and the 'Action' classes 
contain the class 'ModelElements'. This class is defined by two attributes 
'e1ementID' which is an element identifier, and 'Modified' which takes a 
boolean value to indicate if the element was modified when implementing 
the adaptation. Only the user model attributes and the presentation 
specifications can be modified. 
User Meta-Model I 
UsarManager 
Inltializar(ui,name,altr): User 
evaluator(ul.attr): 
UserAltributeValue 
updater(ui,attr. vel) 
1 .• ~ users 
Domain Mela-Model J 
User 
~'~ ~~.rlQ~. Domain usemame: String UserlD resolver(cs) emall: Strlng domain 8(:(:essor(uid) 
''''' 
1 •• "" userAttrs I UserAttrlbute I 
I attneme: String/ 
Y' 
1 1 component 1 .• * 
! IndependentAttr II dependAttrs DependentAttr 1* ! * 11 comps 1 Component 
-". --.'.---.. ·{;orT------------_ .. ---I 
ettrVal I UserAttrValue I 
value: Value 
Figure 2.20 The User-Meta Model and its connectivity with the Domain-Meta Model (Koch & 
Wirsing 2002, p. 218) 
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Figure 2.21 the Adaptation model in Munich reference model (Koch & Wirsing 2002, p. 220) 
• The Within-Component Layer: as in the Dexter model, this layer is concerned 
with the content and the structure within hypermedia nodes. As in the Dexter 
model, this model is not elaborated further. 
2.10.4. The LAOS model 
Another model for AHS is called LAOS (stands for Layered WWW AHS Authoring 
Model and their corresponding Algebraic Operators). This model is built upon the 
AHAM model however it extends it by including a goal and constraint model (GM) 
that is inserted directly after the domain model. Therefore, LAOS model consists of 
five layers including domain model (DM), goal and constraint model (GM), user 
model (UM), adaptation model (AM) and presentation model (PM) (Cristea & Mooij, 
2003) (see Figure 2.22). 
The aim of introducing these layers is to guide users by limiting the system's 
hyperspace and focusing the presentation of the domain model concepts based on the 
GM layer. The authors of the LAOS model argue that not having a GM may lead to 
possibility of reading the whole domain model (DM) (Cristea & Mooij, 2003). 
Therefore, the GM layer can be considered as a filter to the DM layer. 
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Figure 2.22 The five layers of LAOS model (Cristea & Mooij, 2003) 
In general the LAOS model can be seen as an extended version of the AHAM model. 
A great deal of the LAOS model functionaIities are still the same as in AHAM but the 
new introduced layer (GM), the refinements ofUM and AM, and the way of defining 
the five layers using more formal definitions are different. Finally, the PM in LAOS is 
responsible for the physical presentation of generated documents which would be, for 
example, as HTML files. PM is not detailed in LAOS since the focus is on the idea of 
keeping the PM separate from the other layers (Cristea & Mooij, 2003). 
For this research, adopting an adaptation/personalisation model was necessary as one 
of the research questions (research question 3) and one of the objectives were 
concemed with identifying and devising a model to describe the designed 
personalisation system at an abstract level. Therefore, this was facilitated by the 
adoption of AHAM as the underlying model for developing the personalised system. 
The rationale behind the selection of the AHAM model was driven by its simplicity 
and ability to model the personalised system in respect to the MS domain compared to 
other model. Chapter 4 (Section 4.3.4) provides greater details about the rationale for 
selecting the AHAM model as well as its implementation. 
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2.11. Summary 
In this chapter the approaches and the enabling technologies for personalisation were 
reviewed. Adaptive hypermedia as an application area of personalisation was 
explained in terms of the methods imd techniques for adaptation, examples and 
models of adaptive hypermedia systems. 
The next chapter (Chapter 3) provides details of the research methodology, design 
methodology and data collection methods used in this research. 
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Chapter 3 
Research Methodology 
3.1. Introduction 
In the IS (Information Systems) research domain there is a confusion about whether 
undertaking research through the design of artefacts (e.g. development of systems) 
could be considered as research. This confusion is manifested when posing questions 
such as "Does the development of a software system constitute a research project (in 
the academic sense)?" (Nunamaker & Chen 1990, p. 631). 
Nunamaker and Chen (1990, p. 632), reported the work of Blake (1978), who stated 
that the focus of undertaking academic research is to extend human knowledge and 
demonstrate technical excellence. Design or development has been used for a long 
time to study nature and create new things. Nunamaker and Chen (1990, pp. 632-634) 
outlined a number of interesting examples where design or development of things 
contributed· to knowledge and enhanced understanding in many research domains. 
One of these, for instance, was the invention of the first aeroplane by the Wright 
brothers. This invention occurred before the introduction of the aerodynamic science. 
The creation of the discipline of aerodynamics was entirely based on studying a model 
of an aeroplane (in a laboratory) and learning from experiences accumulated through 
building real aeroplanes. Nowadays, the creation of aeroplanes is facilitated by using 
design tools such as the CAD/CAM (Computer-Aided Design/Computer Aided 
Manufacturing). These tools include theories and knowledge of aerodynamics (gained 
through the creation of real aeroplanes) and have been used to improve the 
performance of the new generation of aeroplanes. 
Owen (1997, pp. 37-38) also stated that "knowledge is generated and accumulated 
through action". Owen created a model that demonstrated how knowledge is created, 
see Figure 3.1 
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Figure 3.1 A general model for generating and accumulating knowledge (Owen 1997, p. 38) 
Figure 3.1 suggests that generating knowledge is achieved through a cyclical process 
where initially knowledge is used to create works and works are then evaluated to 
build-on and refine the knowledge. According to Owen (1997), the processes of 
'knowledge building' and 'knowledge using' are controlled by channels. These 
channels includes the conventions and rules (e.g. theory or criteria) that operate the 
discipline. These channels exemplify the "measures and values" that have been 
empirically developed during the course of a discipline (Owen 1997, p. 37). 
In this sense, undertaking an academic research project can be achieved through 
designing artefacts. However, this process should be formulated and take the shape of 
academic research rather than a pure design process. As mentioned earlier, the aim of 
undertaking academic research is the generation of new knowledge within research 
disciplines. In the IS domain, undertaking research through making (i.e. designing) of 
artefacts is called a 'design research'. 
Design research "involves the analysis of the use and performance of designed 
artefacts to understand, explain and very frequently to improve the behaviour of 
aspects of information systems" (Vaishnavi & Kuechler, 2004). 
Vaishnavi & Kuechler (2004), described the work of Takeda, et a!. (\990), who 
presented a model that described the reasoning in the design cycle (see Figure 3.2). 
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Figure 3.2 Reasoning in the design cycle (Vaishnavi & Kuechler, 2004) 
Figure 3.2 shows the cyclical process of the design research. This cycle starts with 
'Awareness of Problem'. This is followed with a 'Suggestion' step where a solution is 
(abductively) chosen based on the existing knowledge base for the problem area. A 
step of artefact 'Development' then follows based on the suggested solution. The 
developed artefacts are then evaluated according to the criteria of the suggested 
solutions (i.e. the 'Development' and 'Evaluation' steps deductively occur based on 
the criteria of the suggested solution). The steps 'Development', 'Evaluation' and 
(further) 'Suggestion' (referring back to the base 'Awareness of the Problem') are 
carried out in an iterative process during design research. This iterative process is 
indicated in the Figure 3.2 by 'Circumscription'. The 'Conclusion' step represents the 
termination of the design research. The 'Circumscription' and 'Operation and Goal 
Knowledge' processes indicate the generation of new knowledge. In particular, the 
'Circumscription' process is a significant process in design research as it repeatedly 
reveals or identifies the reality and knowledge from a design research (Vaishnavi & 
Kuechler, 2004). 
It is significant, particularly within the IS domain, to understand the philosophical 
grounding of design research, because it is essential to IS researchers to consider the 
"assumptions about reality, knowledge and value that underlie any intellectual 
endeavour" (Vaishnavi & Kuechler, 2004). Hence, the following section explains the 
philosophical underpinnings of design research. 
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3.2. The philosophical considerations of design research 
Positivism and interpretivisim are among the most common philosophical 
perspectives that are found within the IS research domain (Blaxter, Hughes & Tight 
2001, p. 60; Myers, 2005). Positivism proposes that an objective reality exists external 
to the individual, and it can be measured using objective methods to generate new 
knowledge. It believes that the social world exists as an impartial constant, and that 
there is no relationship between reality and what people believe about this reality. In 
this philosophy, the observer's (researcher's) feelings, perceptions and interpretations 
and his instruments should not interfere with the phenomena being studied (Blaxter, 
Hughes & Tight 2001, p. 61; Easterby-Smith, Thorpe & Lowe 1991, p.22; Myers, 
2005). However, there has been much debate about positivism in terms of its 
suitability for the social sciences. Positivism has been criticised because it places no 
emphasis on the role of human sensations when studying phenomena. Hence 
interpretivism (anti-positivism) has emerged as a philosophy. A number of 
philosophers have suggested that human's perceptions and feelings are important to 
-'the phenomena being studied (Hirschheim 1985, pp. 21-22). 
Unlik~ positivism, the interpretivism philosophy assumes that reality and the social 
world are interlinked and that reality can be understood using subjective methods. 
Interpretivist philosophy believes that the researcher should study phenomena through 
the meanings that people assign to them. Hence, the study should focus on 
understanding different people's meanings and experiences rather than trying to find 
"external causes and fundamental laws" that explain the phenomena (Easterby-Smith, 
Thorpe & Lowe 1991, p. 24; Myers, 2005). 
In design research, the ontological (the study that describes the nature of reality) and 
epistemology (the study that explores the nature of knowledge) stances are not 
necessarily constant throughout a design/research process which is often iterative and 
arbitrary as new insights are acquired as the research proceeds. During design 
research, the researcher may introduce novel (design of) artefacts in order to test the 
central hypothesis or theory that is being tested. In this process the 'world-states' of 
the research are changed as each new artefact which has been newly introduced, 
modified or removed can change the basic research design or assumptions from that 
originally envisaged, in order through iteration to reach a satisfactory design. Such 
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differing and shifting multiple 'world-states' may be seen as a contradiction to the 
ontological viewpoint, however most of design researchers "believe in a single, stable 
underlying physical reality that constrains the multiplicity of world-states." 
(Vaishnavi & Kuechler, 2004). 
The epistemological viewpoint of design research suggests that the researcher knows 
the meaning of information through the process of construction or circumscription. 
When an artefact is constructed, the behaviour of this artefact is described through the 
interaction between its constituent components. This description represents 
information which is ascertained based on the degree to which the artefact behaves 
predictably. This element of predictability gives "design research an epistemology 
that resembles that of natural-science research more closely than that of either 
positivist or interpretive research." (Vaishnavi & Kuechler, 2004). 
It can be noted that design research is not assigned to one particular philosophical 
aspect (positivism or interpretivism); it can be considered as a mixture of and shifts 
between these perspectives as the research proceeds. Vaishnavi & Kuechler (2004) 
indicated that the design researcher starts creating reality through the construction of 
an artefact (based on solution which is abdutively chosen form the existing knowledge 
base of the probll'!m area, see Figure 3.2). Subsequently, the researcher observes the 
behaviour of the artefact and compares it to the suggested solution set out during the 
abductive phase. These observations are then interpreted (i.e. evaluated) and proceed 
as a cyclical process (i.e. circumscription, see Figure 3.2) (Vaishnavi & Kuechler, 
2004). 
Table 3.1 shows and summarises the characteristics of research approaches from the 
perspective of the design research philosophy. It can be seen from Table 3.1 that the 
characteristics of design research are interdependent and complement the positivist 
and interpretive perspectives. 
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Table 3.1 Philosophical assumptions of three perspectives (adapted from (Vaishnavi & Kuechler, 
2004» 
Research Perspective 
.. BasiC Belief .• .. ... Positivist ... I Interpretive· .....•... ... Design .. • ••• 
Ontology A single reality. Multiple realties, socially Multiple, contextually 
Knowable, probabilistic. constructed. situated alternative world~ 
states. Socio-technologically 
enabled. 
Epistemology Objective; dispassionate. Subjective, i.e. values and Knowing through making: 
Detached observer of knowledge emerge from objectively constrained 
truth. the researcher-participant construction within a 
interaction. context. Iterative 
circumscription reveals 
meaning. 
3.3. Design research as a research methodology 
Vaishnavi & Kuechler (2004) developed a research methodology of design research. 
This research methodology is a variant of Takeda, et al. (1990) model (refer to Figure 
3.2). In this revised methodology, the 'Logical Formalism' of the reasoning in the 
design cycle was replaced with 'Output' to emphasise the process (of the design 
research) as a research method (see Figure 3.3). This research methodology includes 
the following steps (Vaishnavi & Kuechler, 2004): 
.' Awareness of the problem: the awareness of the problem may come from 
different resources, new advancement in industry or from a related discipline. 
The outcome of this phase is a 'Proposal' for a new research. 
• Suggestion: this phase comes directly after the awareness of the problem. A 
'Tentative Design' is the output of the suggestion phase wherein new 
functionality is visualised based on a novel configuration of existing or new 
elements. 
• Development: III this phase the tentative design is implemented. The 
implementation techniques in this phase are based on the artefacts (e.g. the 
software package) used for the development. 
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Figure 3.3 The methodology of design research (Vaishnavi & Kuechler, 2004) 
• Evaluation: in this phase the constructed design is evaluated according to the 
criteria set out in the awareness phase. The evaluation includes an analytical 
phase wherein a hypothesis is made about the behaviour of the constructed 
artefacts." The fluid nature of design research (manifested in the analytical 
phase which involves interpretation of the design behaviour) contrasts the 
positivist stance. In a typical positivist research, the researcher should have 
one strict interpretation of reality which leads to the confirmation of 
contradiction of the hypothesis. However, in design research the hypothesis, 
which may be broad, is not completely rejected. Instead, it is modified 
according to the observation of the behaviour of the constructed artefacts to be 
in accord with the new observations. The evaluation phase leads to additional 
information which is obtained from constructing and evaluating the artefacts 
and fed into another iteration of suggestions (i.e. Circumscription in Figure 
3.3). 
• Conclusions: this represents the last phase in the general design methodology. 
Results from this phase are not optimal due to the deviation in the behaviour 
of the artefacts from the prediction of the (revised) hypothesis. However, 
results from this phase are considered good enough and there are two types of 
knowledge gained; one is the (firm) facts which have been learned and can be 
repeatedly applied. The other type of knowledge concerns the (loose) aspects 
which are likely to form the subject of further research. 
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In this sense, adopting the design research as a research methodology was appropriate. 
This was due to nature of this research which involved the design of a prototype 
system which needed to be evaluated by people from the MS community. 
Furthermore, the choice of design research was based on the research questions (see 
. Chapter 1, Section 1.3) which were effectively answered by designing a personalised 
system. 
The main sources, which revealed the problem and provided input into the 'problem 
awareness' stage of design research, were achieved through previous research that 
was carried out by Hepworth, Harrison & James (2003) and Hepworth & Harrison 
(2004). This research stressed the fact that a person with MS should be considered as 
a person who seeks to take an active role in life. This active role could be supported 
by providing MS sufferers with relevant information that may increase their self-
reliance and enable them to interact with the world around them. This could 
eventually enhance the well-being of MS sufferers. 
Furthermore, the literature survey (Chapter 2) accomplished in this research gave an 
awareness of the problems of Web-based information (i.e. information overload 
problem) and also identified the approaches and techniques that are being used to 
overcome this problem. 
Looking at Web-based information as resources where MS sufferers could locate 
relevant information that may increase their independence and eventually enhance 
their well-being, formed the basis of the 'Awareness of problem' phase. 
The research (mentioned earlier) was concerned with identifying the general 
information needs of people with MS and suggested that the information provision 
would be more effective if information could be adapted to the changeable conditions 
and hence the needs of MS suffers. MS causes a range of symptoms to MS sufferers 
such as visual impairment, fatigne, mobility problems and many more. This therefore 
requires that the information to be adapted to these changeable conditions. Designing 
a prototype of a personalised system in terms of the content, links and presentation 
based on the user condition may help meet the requirements of an information system 
for people with MS. This constituted the 'Suggestion' phase of the general 
methodology of the design research. However more explanations are presented in 
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Chapter 4 (Section 4.2) which describes the prototype system based on the initial 
users' requirements derived from the previous research (mentioned earlier) 
concerning the information needs for people with MS. 
The 'Development' phase of the general methodology was undertaken through the 
application of the prototype system using the technologies (Le. artefacts) XML, XSLT 
and Apache Cocoon. The justification behind the selection of these technologies as 
well as the design process are presented in Chapter 4 (Sections 4.3.1, 4.3.2, 4.3.3 and 
4.3.4 respectively). For this development phase, prototyping was deemed as an 
appropriate methodology for conducting the design process of the personalised 
system. Section 3.4 justifies the choice of prototyping and explains the steps of this 
design methodology. 
The 'Evaluation' phase was required to evaluate the behavior and the interaction that 
occurred between the users and the prototype system. This consequently helped to 
achieve the aim and meet the research questions of this research work. In order to 
observe and analyse the interaction between users and the prototype systems, a 
number of data collection methods were used including observational methods, 
interviews and focus group (a full explanation about these collection methods is 
provided in Section 3.5). To be in an accord with the 'Circumscription' process, two 
evaluations were conducted where users feedback was collected, analysed and then 
used to modify the design of the prototype. The users' feedback and the analysis of 
the two evaluations are presented in Chapters 4 and S. 
The 'Conclusion' phase of the general methodology was reached when the final 
results acquired were discussed in terms of the research questions. This phase 
constituted the end of this research where firm facts, about using personalisation as an 
approach to facilitate access to Web-based information by people with MS, were 
generated and documented. However, other (loose) results from this research were 
pointed out as avenues of further research. Chapter 7 represents the 'Conclusion' 
phase in the research methodology of the design research. 
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The design research (described earlier) represents the research methodology of this 
work. Although, this research methodology included a design phase of artefacts (see 
Figure 3.3) it did not explicitly mention or suggest a methodology in which the 
design can be achieved. Furthermore, in the IS domain there are different approaches 
that can be used as the underlying design methodology. Therefore, it was necessary to 
choose a particular design methodology that was used during the 'Design' phase of 
the research methodology. Section 3.4 outlines different design methodologies and 
justifies the selection of an appropriate methodology for undertaking the design in this 
research. 
3.4. The design methodology selected 
In an attempt to help IS developers to effectively select the appropriate design 
methodologies, Avison and Taylor (1997: p. 74) suggested classifying these 
methodologies based on problem situations. They argued that this classification would 
give the developers/practitioners more practical ways when selecting the required 
design methodology. Therefore, they suggested the following classes of problem 
situations and the appropriate design methodology to be used: 
• "Well-structured problem situations with a well-defined problem and clear 
requirements", in these cases traditional methodologies based on the systems 
developments life cycle (SDLC) - e.g. Waterfall model - are appropriate 
design methodologies. 
• "Well-structured problem situations with clear objectives but uncertain user 
requirements", in these cases data modelling, process modelling, or 
prototyping based methodologies are the most appropriate to be used. 
• "Unstructured problem situations with unclear objectives", in this situation 
soft systems approaches are the most appropriate. 
• "Situations where there is a high user interaction with the system", In such 
situations socio-technical approaches are the most appropriate. 
The problem in this research project is well-structured. The situation problem is 
identified but the users requirements in are not certain. Moreover, it is not only the 
users needs that are not certain, it is also the development tools of the prototype and 
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the personalisation model that are uncertain. Consequently, this problem situation led 
to selection of the second class where design methodologies based on data modelling, 
process modelling, or prototyping were most appropriate for the underlying design 
methodology. 
Conallen (2002) stated that using a working prototype which enables stakeholders to 
visualise the application's features, requirements and behaviour, produces good-valid 
results, better understanding of the application complexity and scope, and insurance of 
successful fulfilment of user needs. Furthermore, one of the research questions in this 
research is whether technologies such as XML, XSLT and Apache Cocoon are 
appropriate in designing a personalised system for the MS domain. Another research 
question seeks to identify the most effective conceptual model for modelling the 
personalisation environment with respect to the MS domain. These research questions 
were felt to be better answered through a working prototype (often called a high-
fidelity prototype (Rudd, Stren & Iseness 1996, p. 78» that can be interacted with. 
Therefore, the best candidate was to use a prototype methodology where a real 
working example depicting a personalised IS could be presented to users. This 
approach, as'indicated above, conforms to design research. 
The prototyping methodology includes techniques by which a small-scale or partially 
working system is constructed to elicit the users' requirements or to test a proposed 
design of an IS (Whitten, Bentley & Dittrnan 2004, p. 112). In the literature, there is 
much debate about using prototyping as a methodology on its own or as a part of the 
traditional SDLC (Software Development Life Cycle) methodology for IS 
development (Avison & Taylor 1997, p. 75; Kendall & Kendall 1998, pp. 203-204; 
Martin et al. 2004, pp. 396-400). For this research, it was believed that adopting 
prototyping as a methodology on its own would better serve the aim of this research 
work. The aim of this research was not to develop a full working system that would 
require one to go through all the stages of the SDLC methodology; rather, the aim was 
to investigate the appropriates of personalised information for people with MS and 
this would be facilitated by presenting a working prototype of a personalised IS. 
According to Martine et al. (2005, pp. 396-397), adopting prototyping as a 
methodology on its own for IS development involves seven steps (see Figure 3.4) 
including: 
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I. Identify the basic system's requirement: in this step, analysts/programmers 
and users conduct meetings in order to identify the basic requirements of the 
initial version ofthe required system. 
2. Develop initial prototype: the system builders (i.e. programmers) produce the 
initial design of the prototype based on the requirements collected in step 1. 
The development step involves selecting the software tools, locating the data 
and integrating it into the prototype, and constructing the physical 
components of the prototype. 
3. Use prototype and note desired changes: in this stage, the initial design of the 
prototype is handed to the users in order for them to use it and give feedback 
on the necessary modifications that are needed. Subsequently, meetings with 
the analysts and programmers are needed to discuss the changes. 
4. Revise and enhance the prototype: it is the programmer's responsibility in this 
step to undertake the required modifications and then refer back to users to 
get their feedback on the changes. It should be noted that steps 3 and 4 are 
iterative - i.e. these steps are repeated until users show a satisfaction of the 
current design. 
5. Evaluate as operational system: if the prototype is decided to function as an 
operational system then it should be evaluated as the final prototype - in this 
case, the prototype system is called evolutionary pro to typing. The other 
possibility is to discard the prototype, because it was used only for identifying 
the requirements - in this case, the prototype is called throw-away 
pro to typing. 
6. Make necessary changes or abandon: in this phase, if the prototype is 
considered as an operational system. The system builders should undertake all 
the necessary modifications and finish incorporating all the required 
controls/functions, backups, and documentation. 
7. Install, operate and maintain: this step is concerned with installing the system 
and move it into an operational status. Moreover, this step involves 
maintenance of the IS. 
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In this research Steps I to 4 were followed, because the goal in this research was not 
to design a complete working system (which would require applying the seven steps 
shown in Figure 3.4). Chapter 4 explains exactly how the prototyping methodology 
was applied. 
Figure 3.4 Steps of the pro to typing methodology 
3.5. Data collection methods 
The adopted research methodology (design research) involves an 'Evaluation' phase 
wherein the behavior of the constructed artefact is observed and compared to the 
assumptions envisaged about that behavior. The 'Evaluation' Phase was met in this 
research by demonstrating and observing the usage of the prototype system. This 
section describes the methods used to observe and collect the usage of the prototype. 
This research project was conducted in social settings because it involved collecting 
feedback of users while interacting with an intended personalised system. Therefore, 
the following describes only qualitative methods for data collection. 
In qualitative research there are two classical forms used for data collection -
interviews and observations (Hoepfl, 1997). The interview method is a data collection 
technique that involves "questioning or discussing issues with people". In some 
situations, interviews can be very useful to collect data that it would not be possible to 
collect using other techniques such as questionnaires or observations (B1axter, Hughes 
& Tight, et al. 2001, p.I72). 
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There are three types of interview including (Denscombe 1998, pp. 112-115): 
• Structured interview: in this type, a set ofpre-formulated questions is given to 
respondents (interviewees) to answer, with the purpose of addressing some 
particular issues. The structured nature of this type of interview gives control 
over the wording of the questions, the sequence of asking the questions and 
the answers offered by respondents. This allows asking respondents the same 
set of questions and ensures easier analysis of the collected data. However, 
this type of interviews is most likely to be used in quantitative research since it 
resembles, to a large extent, the nature of the questionnaire techniques. 
• Semi-structured interviews: this type is similar to structured interviews in 
terms 'of having a set of questions to be answered and issues to be addressed. 
Nonetheless, questions are more open-ended in nature. This allows the 
interviewees to elaborate their ideas about the given issues and provide more 
rich information. 
• Unstructured interviews: this type of interviews places a great emphasis on the 
thoughts of the interviewee. The role of the researcher should not exceed the 
limits of introducing a theme or topic and then letting the interviewee's 
thoughts evolve. 
Semi-structured interviews and unstructured interviews share the advantage of 
allowing interviewees to use their own words and thoughts; this allows for discovery 
of complex issues. Semi-structured interviews are considered a very efficient way of 
eliciting people's own experiences and feelings, and lend themselves to in-depth 
investigations. 
According to Denscombe (1998, pp. 112-115), there are two forms in which 
interviews can be conducted: one-to-one interviews and group interviews. The one-to-
one interview is the most commonly used form. It occurs between the researcher and 
one interviewee at a time. The advantages of this form are that it is relatively easy to 
arrange and to control since there is only one person to be interviewed at a time. There 
is also only one source for opinions and views i.e. the interviewee. This makes it 
relatively easy to relate specific ideas to specific people. 
81 
Chapter 3 Research Methods 
Group interviews are used when there is a need to conduct an interview with a group 
of people at the same time. Focus groups are a typical form of group interview. In this 
form, a small group of people, usually from six to nine people, are involved in a 
meeting facilitated by the researcher to investigate people's perceptions, attitudes or 
ideas towards an issue. The advantage of a focus group over the other forms is that 
they can bring out some ideas from interviewees that would not come out in the other 
forms. However, in the case of focus groups it becomes difficult to record the 
discussion. Also, it might become difficult for interviewees to discuss sensitive or 
personal information in front of others (Denscombe 1998, pp. 112-115). 
To serve the purpose of this research work, a semi-structured interview approach was 
selected. This research involves a set of predetermined issues that need to be 
addressed (i.e. the research questions). Furthermore, open-ended responses are needed 
for these issues to help in collecting in-depth data. Therefore, face-to-face interviews 
were the dominant form used. However, conducting focus groups was deemed 
appropriate as new ideas/feedback might be raised by interviewees. 
The second classical form of data collection methods is observations. Observation can 
capture valuable information that would not be captured using interviews alone 
(Hoepfl, 1997). The observation method helps researchers to capture "what people 
actually do rather than what they say they do" (Wisker 2001, p. 178). 
According to Wisker (200 I, p. 178), there are two types of observations including: 
• Participant observations: in this type the researcher becomes a member of the 
group being studied and participate in their activities as well. 
• Non-participant observations: the researcher role in this type becomes more 
passive. The researcher does not participate in the group's activities, rather, 
the researcher becomes a "passive observer" who watches and records 
activities as they occur and accordingly draws conclusions. 
However, Wisker stated several drawbacks to the observation method which are: 
• A change in individuals' or groups' behaviour when they know that they are 
being observed. 
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• Different researchers may have different interpretations for observations. 
• Possibility of researcher's bias when doing the interpretations 
• Possibility of incomplete observation due to a failure in the recoding method. 
In the human computer interaction (HCI) discipline, observational methods can be 
used to collect data during the interaction between users and an interactive system. 
This is typically carried out by giving users a set of tasks to accomplish while using 
the system. The researcher watches and records the user's actions with the system 
using various techniques (e.g. note taking, tape recording, video recording, etc). While 
users are interacting with a system, the observational process can be taken a step 
further by asking users to vocalise what they are thinking while they are being 
observed; this is called the 'Thinking-Aloud' protocol. This should enhance the 
quality of the captured information (Dix et al. 2004, p. 343). 
3.5.1. The design and sequence of data collection methods 
Observational method, interviews and focus group were the main methods used for 
data collection. After the initial development of the prototype system, an 
observational method followed by interviews were used. The observational method 
was facilitated by providing users with a task-sheet to accomplish using the prototype 
systems. After each particular step, within the task-sheet, users were prompted by a 
set of questions to vocalise their thoughts and feelings about particular issues in the 
design. This is an observational method from the HCI domain called 'Question-
Asking' protocol which is a particular form of the 'Thinking-Aloud' protocol 
mentioned earlier (see Section 3.5) (Horn, 2003). 
The task-sheet handed to the users, during each observational session, included two 
representative tasks where each task consisted of a set of steps. The following shows 
the typical scenarios on which these tasks were based. 
Scenario - task (1) 
The scenario for task (1) was; a Web-based prototype system is available on a local 
machine for providing a personalised orientation on general topics about Multiple 
Sclerosis (MS). A non-registered person who has MS comes into the system for the 
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first time looking for general information about MS. This person needs first to create a 
user profile to be able to browse the content in the prototype system. 
Task (1) consisted of nine steps (see Appendix 1, Table 1) that were designed to guide 
users within the context of above scenario. Furthermore, questions (used during the 
'Question-Asking' session) were pre-formulated alongside particular steps to acquire 
an insight on additional personalisation requirements. The questions were important 
as they gave an insight into further elements that may be used to enhance the process 
of modelling users with MS within a personalised system (research question 1). These 
further elements were considered as important characteristics that were needed to be 
included within any personalised system within the MS domain and therefore helped 
address research question 4. 
Scenario - task (2) 
The scenario for task (2) was a continuation of the above scenario: The person with 
, 
MS logs-in into the prototype system to start the orientation. After accomplishing 
particular interactions such as; exploring different content formats and accessing 
relevant links, the user wishes to change the preferences outlined in their user profile 
to better suit hislher current needs. When users wish to finish the session, they simply 
log-out from the prototype system. 
Task (2) consisted of eleven steps (see Appendix 1, Table 2) that were designed to 
guide users within the context ofIatter scenario. Moreover, questions (used during the 
'Question-Asking' session) were pre-formulated alongside particular steps in order 
to: 
• Obtain feedback on the appropriateness of personalisation techniques based on 
the user condition including the content and the presentational aspects of 
content (back ground colour and font size). 
• Obtain feedback on the appropriateness of the personalisation technique 
applied to links (i.e. providing appropriate links based on the user's level of 
knowledge). 
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• Obtain a feedback on the way content was presented (i.e. at different levels of 
complexity) including basic, intermediate and detailed. 
• Acquire a feedback on the usefulness of enabling users to override the 
personalisation rules in the prototype system. 
The questions used during the observational method were formulated taking into 
account the research questions. This method of acquiring users' feedback, as they 
interacted with the prototype, on the appropriateness of providing personalised 
content, presentation and links based on the user's condition and level of knowledge, 
helped ascertain the usefulness and gave a better understanding of modelling users 
based on these elements (research questions I and 2). Furthermore, obtaining users' 
feedback on the levels of complexity and the ability to override the personalisation 
rules was significant as these issues partially gave an indication of the appropriateness 
of the technology used (research question 3) and revealed the characteristics of the 
personalisation conceptual model adopted (research questions 2 and 4). 
Subsequent to each 'Question-Asking' individual session, face-to-face interviews 
were conducted. Users were asked a set of open-ended questions (see Appendix 2, 
Table 3) in order to: 
• Obtain feedback on the appropriateness ofthe level of personalisation applied 
to content, links and presentation of content. 
• Acquire an insight into additional user requirements that may help to 
implement personalisation efficiently. 
• Gain an insight into additional personalised features based on gender, age and 
role of the user. 
• Gain feedback on personalisation in general. 
The above areas were the focus of interview questions. These questions helped 
acquire more in-depth answers to the research questions as the interviewees had , by 
now, experienced the personalised prototype system and therefore their responses 
would have a better grounding. 
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Due to the interrelationship between the research questions, some of the interview 
questions addressed more than one research question at a time. For instance, obtaining 
users' feedback on the level of personalisation applied within the prototype system 
not only gave feedback on the appropriateness of modeling users based on their 
conditions and level of knowledge (research question I), but also gave an insight into 
the appropriateness of the technology used for applying personalisation within the 
prototype. 
The use of the observational method (i.e. 'Question-Asking' protocol) and interviews 
during the 'Evaluation' phase took place in the first iteration (i.e. circumscription) of 
adopted design research methodology. The issues raised in this first iteration were 
incorporated (i.e. used to modify the prototype) and fed into a second iteration in the 
design research methodology (refer to Figure 3.3). During the second iteration, (one) 
'Question-Asking' protocol session and a focus group interview was the dominant 
methods used for data collection. 
In respect of the focus group interview, the researcher demonstrated the prototype 
system to evaluators in the focus group. The purpose of this was to show the 
evaluators how the prototype system can provide a person with MS, who is 
experiencing sight and fatigue problems, personalised content and presentation based 
on the person's sight and fatigue problems. The researcher practically demonstrated 
the earlier scenarios using the prototype system. After the demonstration, evaluators 
were asked a set of open-ended question that were pre-forrnulated to facilitate the 
discussion in the focus group. 
Generally, the group questions focused on the following areas (see Appendix 2, Table 
4); 
• The usefulness of personalising content and presentation of content based on 
the user's condition. 
• The ability to override the personalisation rules within the prototype system. 
• A new theme emerged during the group interview which warranted further 
investigation regarding the willingness for, and the degree of, personal 
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information disclosure that would enable more refined personalisation to 
happen. 
Again, some of the group questions provided feedback for more than one research 
question at a time. For instance, asking evaluators from the focus group about the 
usefulness of the personalisation form (which enabled users to override the 
personalisation rules) not only gave feedback on important characteristics of the 
personalised system (research question 4), but also provided an insight into important 
elements (i.e. control of the personalisation process) that were necessary to consider 
when refining the adopted personalisation model (research question 4). 
In respect of the instruments used for data collection (during the 'Question-Asking' 
protocol, individual interviews and the group interview) tape recording and note 
taking were the main instruments. In addition, a brief description of the research 
project and its aim was given to the interviewees prior to commencing the session. 
Most importantly, before conducting the interviews, the consent of users was 
obtained. 
Users' responses that were collected from the observations, interviews and the focus 
group were analysed manually using a 'meaning condensation' approach. The basis of 
this approach is to allow the reduction of large volume of interview text into "briefer, 
more succinct formulations" (Kvale 1996, p. 192). According to Kvale (1996, p. 192), 
meaning condensation involves five steps. First, the whole interview should be read to 
gain an understanding of the whole subject. Second, 'meaning units' of the interview 
are determined by the researcher. Third, the key and dominating theme for each 
meaning unit is concisely stated. In the fourth step, the researcher reflects on the 
meaning units in terms of the purpose of the study. Finally, the dominant and non-
repeated thernes are tied together into a descriptive staternent. 
In this research the dominant themes, within a group of meaning units, were 
condensed and then tied into a single descriptive staternent taking into account the 
. research questions. Table 5 in Appendix 4 shows some examples of using the 
meaning condensation approach to analyse the users' responses. These dominant 
themes enabled the issues raised to be considered in a logical fashion and are used in 
Chapter~ 4 and 5 as the headings used to structure in these chapters. 
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3.6. The population and sampling techniques 
Population refers to the target group of individuals that the study aims to research. 
The process of selecting a portion of that population is referred to as sampling. 
The target population for this study is the MS community in the United Kingdom. 
Individuals from the MS community constitute the required sample. Hence, it is 
important to investigate the various sampling techniques available. 
There are two techniques used for sampling: probability sampling and non-
probability sampling. In the former technique, people are selected randomly based on 
the assumption that this selection would provide a "representative cross-sectional" 
sample if the researcher selects a large number of examples randomly. In the case of 
the latter technique, people are selected without the assumption that the selected 
sample is representative (Denscombe 1998, pp. 11-12). 
In general, probability sampling techniques tend to be used in quantitative research 
rather than qualitative research. They allow for statistical analysis and they better suit 
large-scale research. On the other hand, the non-probability sampling techniques are 
more likely to be used in qualitative research, because in qualitative research a small 
numbers of instances are involved (Denscombe 1998, p. 25) and the research tends to 
be exploratory. 
Since this research project is qualitative and exploratory in nature, a non-probability 
sampling technique was deemed appropriate. Therefore, the following discussion is 
related to the non-probability sampling techniques only. 
There are different types of non-probability sampling techniques including 
(Denscombe 1998, pp. 15-17): 
• Purposive sampling: in this type, the researcher selects people where there is 
some knowledge about them. The researcher chooses particular people with a 
belief that they would provide information relevant to the research. The 
advantages of purposive sampling is that it allows the researcher to select 
cases that the researcher believes would be significant for the research, hence, 
the researcher can focus on the obtaining rich data from the case rather than 
trying to obtain typical instances as in the probability sampling. 
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• Snowball sampling: at the beginning the researcher starts with a few people 
where each one is asked to nominate, for example, two other people willing to 
be involved in the research. Snowball sampling is useful when it is necessary 
to increase the number of the people in the sample. Furthermore, snowball 
sampling can be incorporated with purposive sampling where people, in this 
case, are asked to nominate other people according to particular criteria. 
• Theoretical sampling: selects instances (i.e. the sample) depending on "the 
development of a theory which is 'grounded' in evidence. At each stage, new 
evidence is used to modify or confirm a 'theory', which then points to an 
appropriate choice of instances for research in the next phase." (Denscombe 
1998, p. 16). 
• Convenience sampling: is based on the selection of people that are convenient 
to and an, readily to hand to the researcher. 
In this research work, it was believed that purposive sampling was appropriate. The 
sample of people with MS were needed with some particular characteristics: 
• It was preferred that they have at least basic knowledge ofInternet browsing. 
• It was preferable if the sample were experiencing or had experienced visual 
and fatigue problems. Hence, more accurate and valid data could be obtained 
with regards to these conditions. 
However, at the very out set of the implementation phase, convenience sampling was 
the predominant form of sampling. The study depended on people volunteering and 
who were available in the time frame of the study. Subsequently, a snowball 
technique was used, as the researcher asked respondents to recommend other 
participants including friends or relatives. However, certain criteria were applied in 
selecting the sample and a degree of purposive sampling was maintained. 
In respect to the number of people with MS involved in the implementation, nine 
individuals were observed (i.e. participated in the 'Question-Asking' protocol session) 
and subsequently interviewed. Seven participants were individuals at various stages of 
the disease; two participants were individuals with HeI and MS domain expertise. 
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Individual sessions were conducted in difference places including: Loughborough, 
Hathem, Rothley, Leicestershire and Letchworth. With regards to the group interview, 
one focus group was conducted where ten people were able to participate. This group 
interview took place in Gorse Covert Community Centre - Loughborough. 
3.7. Summary 
In this chapter, the design research methodology (design research), the design 
methodology, the data collection methods and the sampling technique used were 
explained. The rationale behind these choices were justified in the light of the 
research questions. 
The next chapter (Chapter 5) provides detailed information about the prototype 
system used to acquire the users' responses in this study and the results of the first 
implementation (i.e. evaluation). 
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Chapter 4 
First Implementation - Findings and Analysis 
4.1. Introduction 
Having passed through the 'Awareness' phase of the adopted research methodology 
(i.e. the design research methodology) wherein the problems of the research became 
apparent by conducting a literature survey and taking decisions concerning the 
adopted techniques and models of personalisation, the 'Suggestion' phase was the 
next step in sequence. In the suggestion phase the solution to the problem was 
envisaged by undertaking the design of artefacts producing a 'Tentative Design' as an 
output of this phase. This initial design was based on the decisions made during the 
'Awareness' phase (Chapter 2), and also by identifying the initial users' requirements 
based on previous research concerning the information needs for people with MS. 
Section 4.2 visualises the initial design and personalised functionalities of the 
prototype in the light of the information needs of people with MS outlined in the 
research previously mentioned. Section 4.3 (and subsequent sections) shows the 
development of the prototype system based on the solution (envisaged in the 
suggestion phase) and the decisions made concerning the adopted techniques and 
model of personalisation; this represents the 'Development' phase in the design 
research methodology. 
Subsequent to the 'Development', the 'Evaluation' phase was implemented. Due to 
the iterative nature of the design research methodology (Le. circumscription), the 
'Evaluation' phase was undertaken at two stages. This chapter only presents findings 
and analysis from the first implementation (i.e. evaluation) where seven interviews 
and simple observations were carried out with individual users as they interacted with 
the prototype systern. Six users were individuals with MS at varying stages of their 
condition. One of these also had extensive MS domain expertise. The other user had 
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extensive HeI (Human Computer Interaction) expertise. A subsequent iteration 
through the process is described in Chapter 5. 
4.2. Identifying the initial users' requirements 
The initial users' requirements were mainly based on the research carried out by 
Hepworth, Harrison & James (2003) and Hepworth & Harrison (2004), which were 
concerned with identifying the information needs of people with MS. Moreover, these 
researchers suggested taking a holistic approach and making the information available 
to three communities including the general public & family, service providers, and the 
person with MS. These sub communities constitute the whole MS community (see 
Chapter 1). 
It is apparent that the whole MS community (including the sub communities) is large. 
Therefore, it would be impractical in a small-scale research project to produce 
personalised information access for the three communities. As a result, and with 
respect to the design of the prototype, it was decided to focus on the person with MS. 
and only to generate personalised content about MS. 
Hepworth, Harrison & James (2003, pp. 294-300) also described the characteristics of 
the information provision for people with MS (see Chapter 1). Therefore, the design 
of the prototype tried to conform to these characteristics by undertaking the following 
points: 
• To provide the information in a positive manner: information was gathered 
from materials published within the MS domain. Therefore, it was presumed 
that this material was already authenticated. It was also tried to use non-
threatening content about the disease. 
• To encourage people with MS to take an action: the information acquired 
contained suggestions/tips in addition to available treatments to allow people 
with MS to better manage their conditions. 
• In order to respond to the physical needs for users with MS: information was 
personalised within the prototype in accordance with the user's physical needs 
in this case with regards to fatigue and vision - e.g. information is presented in 
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different font sizes and background colours and in different levels of 
complexity. 
• To provide information in a way that reflected the needs of the person with 
MS and its possible impact on the individual: information was collected about 
significant topics ranging from the basic information (e.g. what is MS) to more 
advanced topics (e.g. causes of Acute Pain in MS). 
• To use the most effective means for information provision, it was decided to 
design the prototype in an electronic format (i.e. as a Web site) which could be 
accessed and interacted with through the Internet. Martine et al. (2005, pp. 96-
97) mentioned that the WWW nowadays is becoming the ultimate means for 
information access and sharing. It has become very popular, and it has a 
rapidly growing number of users where each user can have easy access to an 
extensive amount of information on any subject. 
• To use different formats and presentation techniques that could correspond to 
an individual's condition: the prototype used different presentations of the 
user-interface that were related to individuals with visual impairment and/or 
fatigue. In terms of the content presentation, topics were provided in the 
prototype system at three levels of complexity induding basic, intermediate 
and detailed. This was an important part of the prototype as it enabled 
personalisation of the detail of the topics presented to users. 
It was suggested in the research by Hepworth, Harrison & James (2003, pp. 300-301) 
that responding to the individuals' needs can be achieved using different 
formats/presentations of information based on the condition being experienced. For 
instance, people with fatigue and/or concentration problem would need information 
that is provided in brief. Therefore, this informed the design of content within the 
prototype system to be in a simple (i.e. basic) format. However, due to the nature of 
MS, people may go through periods of time where they do not experience symptoms 
(e.g. fatigue). Consequently, people may want at this stage to acquire more detailed 
information about the disease or the different symptoms that they may experience in 
the future. Hence, it could be beneficial to users with MS if the content could also be 
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provided at different levels of complexity where users could view the appropriate 
level based on their conditions. . 
4.3. Developing the initial prototype 
In this 'Development' phase, a decision regarding the adopted tools was made. The 
decisions relating to the adopted personalisation techniques and models, as mentioned 
earlier, was made during the 'Awareness' Phase. The following describes and justifies 
the tools and the model adopted for the development of the personalised prototype. In 
addition, the main technical aspects concerning the development of the prototype 
system is provided. 
4.3.1. XML technology 
XML is an Extensible Markup Language recommended by the World Wide Web 
Consortium (W3C). XML is an emerging technology with powerful real-world 
applications for the management, display and organisation of data. XML is a subset of 
SGML (Standard Generalized Markup Language). SGML is a meta language for 
developing tag sets to maintain and code structure and semantics about information. 
However, XML, unlike SGML, is well-suited for integration into Web applications. 
Because XML is a meta language, the semantics and the tag sets that can be defined 
are not fixed, unlike HTML. HTML (Hypertext Markup Language), which has been 
widely used for creating documents on the Web, is limited in its scope. For instance, 
when creating a document about a person's name, HTML can only display the 
person's name in the browser. It can not tell which piece of information is related to 
the person's first name or last name, since HTML does not have markup symbols 
(tags) to describe such types of specialised information (Hunter 2000, pp. 9-13). 
Although XML is still relatively a new technology, many companies have given 
attention to it. For example, Microsoft have taken an interest in XML; its Internet 
Explorer (version 5 and above) can render XML documents. Also, it has been well 
utilised in the digital library domain (Seadle 2001, p. 207). 
One of the most important features of XML is that it can "separate data from its 
manipulation and display", which can be handled by variety of tools such as XSL 
(Extensible Stylesheet Language) (Seadle 2001, p. 208). 
94 
Chapter 4 First Implementation 
The ability to separate data from presentation is a very significant feature of XML. 
This allows authors to focus on the creation of content (and the semantics of the 
content) rather than worrying about how it would be rendered in a Web browser. 
Furthermore, the growing range of XML applications indicates the reliability and 
robustness of this technology. Therefore, XML was seen as a good candidate to be 
used as the underlying tool for the development of the personalised prototype. 
4.3.2. XSL (XSL T & XPath) 
As CSS (Cascading Style Sheet) is a style sheet used to format HTML documents, 
XSL is also a style sheet for XML documents. XSL exceeds the limits of simple 
formatting by manipulating the structure of the XML document and allowing the 
complete transformation of XML content into another format (including HTML). 
XSLT (XSL transformation) is the XSL component supported by Web browsers, 
which allows transformation of XML documents using style sheet code. XSLT does 
not directly assist the formatting ofXML content for display purposes. XSL-FO (XSL 
Formatting Objects) is the formatting component of XSL, which consists of special 
style objects that can be applied to XML documents to format it for display. 
Nonetheless, XSL-FO is not supported yet in the most used Web browsers. Therefore, 
it might be necessary when transforming XML documents into HTML to use CSS to 
have a well-formatted display of the resulting documents (Morrison 2002, pp. 200-
203). 
When using the XSLT language for transforming XML documents, it is often 
necessary to locate elements or sections within an XML document to carry out some 
particular process. XPath, is another component that is designed by W3C to be used 
with XSLT. XPath is used to specify locations and navigate within the XML 
documents' structure from a current position to any other position. It is worth noting 
that both XSLT and XPath are W3C formal recommendations (Holman, 2000). 
Because XML was chosen as the underlying tool for the development of the prototype 
system, XSLT and XPath were naturally selected, because they are able to manipulate 
and render XML documents in a Web browser. CSS was also chosen, because it is 
supported by most Web browsers and necessary for styling the appearance of 
rendered documents. 
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Other tools, such as a database, was needed for the development of the prototype 
system. Using a database was necessary for storing data about users - e.g. 
preferences/conditions. There are many options in terms of the database software 
available such Oracle, MS Access, PostgreSQL, MySQL, etc. However, MySQL was 
thought a good candidate, because of its reliability and popularity. MySQL also has 
very good documentation and a user community that could offer help in case of 
difficulty. Furthermore, MySQL database can be plugged into the Apache Cocoon 
publishing framework easily. 
4.3.3. Apache Cocoon 
Apache Cocoon is a web development framework that allows for the development of 
~exible, maintainable, scalable, and robust XML applications (Melhem, 2003). 
Apache Cocoon offers a flexible environment where a separation between content, 
logic and style is p;ssible. Apache Cocoon can effectively interact with most data 
sources such as file systems, RDMS (Relational Database Management System), 
LDAP (Lightweight Directory Access Protocol), XML databases and network-based 
data sources. Apache Cocoon can produce adaptive content delivery by allowing 
different presentation of the same data depending on the device capabilities of the 
requesting client, such as HTML, WML (Wireless Markup Language), PDF (Portable 
Document Format), SVG (Scalable Vector Graphics) and RTF (Rich Text Format) 
(Apache Cocoon, 2005). 
Apache Cocoon allows (and is well-suited for) building three-tier architecture 
applications. In this architecture Cocoon lies in the middle between client and the data 
storage (i.e. a database) or legacy system. This architecture is often called middleware 
(Langham & Ziegeler 2002, p. 14). 
The three-tier architecture (middleware) emerged to overcome the disadvantages of 
the traditional two-tier client/server architecture including poor performance when 
serving large number of users, limited use of data sources and restricted output format 
(it only produces HTML documents) (Sadoski, 1997; Francis, 2003). 
Using Apache Cocoon as a middleware allows publishing XML documents to be 
made available in many formats such as HTML, PDF, WML based on the client type 
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such as PC, workstation, or mobile phones. Apache Cocoon also allows "data 
aggregation" from different data sources. For instance, in an online banking 
application, details of a user account can be first fetched from a database. Then a 
function might be called from a legacy system (typically a mainframe) which stores, 
for example, the user's account balance. Based on the user's balance, a customer 
relationship management systems (CRM) might be called to indicate that offers 
should be made to this user (Langham & Ziegeler 2002, p. 15) (see Figure 4.1). 
Although many data sources and formats could be used (such as in the above 
example), users see only a single view of data presentation i.e. the data sources and 
original formats are kept hidden from the end-users (Francis, 2003). 
Clients 
~I'm j. _ 
=.:f....... .. !!~5ffi 
PO Workstllllon Mobile Phone 
~1?1? 
Mlddleware ( ______ cocoo_n ______ J 
Backend ¥ems A 
U 
Figure 4.1 Apache Cocoon used in a three-tier architecture application (Langham & Ziegeler 
2002, p. 17) 
Apache Cocoon depends on a pipeline approach for processing content. Developers 
using Cocoon can define a number of these pipelines and the components inside each 
pipeline which are responsible for content processing. These components, including 
generators, transformers, matchers, and serializers, are defined in the Cocoon's 
sitemap (Punte, 2002). Figure 4.2 presents a simple example of how an XML 
document is processed using the pipeline approach. The pipeline starts with a single 
generator which is a component that reads the input data (i.e. File.xml) and turns it 
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into a SAX (Simple API for XML) stream (Punte, 2002). SAX is an event-based API 
(Application Programming Interface) that can be written in any programming 
language such as Java. SAX allows XML documents to be parsed as a stream of 
events where they can be processed by an application program (XML.ORG, 2006). 
The middle component in above example represents an XSL transformer which 
accepts the XML stream and processes it by - for example - adding HTML tags in 
order to enable the document to be rendered by a Web browser. Finally, the serializer 
component is used to terminate the pipeline processing and turn the content into 
HTTP format (Punte, 2002). 
Document.html 
!\ \ 
Generator I--~ Transformer 1--. Serializer 
~ 
\J 
File .xrnl Stylesheet. 
-
Ksl 
Figure 4.2 Simple pipeline example (Punte, 2002) 
The figure above shows only basic XML content processing within a pipeline. 
However, in real-life applications the use of Cocoon's pipelines would be more 
advanced. In such advanced situations data might be fetched from other resources 
such as a database. In this case it is the responsibility of Cocoon to communicate with 
the database, fetch the required data, and place it in its designated place within the 
XML stream. Figure 4.3 shows an advanced example using the pipeline approach in 
Cocoon. As mentioned before, the pipeline should start with a generator that reads an 
XML document. Then the stream passes through to the second component - the SQL 
transformer - where it processes the SQL statement(s) included within the original 
XML document and replaces results within the XML designated tags with data from a 
database lookup. The stream continues inside the pipeline to another component, XSL 
transformer, which (as mentioned before) acts on the stream by adding the necessary 
HTML tags for example to allow the document rendering on the Web browser. The 
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final step in the pipeline is using the serializer where the pipeline processing ends and 
the stream is converted to HTIP response so it can be accessed by the Web browser. 
\ 
Generator SQL XSL serializer f- Transformer 1\ Transformer I--
) Performs " Completed XML Select is passed on 
\ 
<result> /' <result> 
<name>Mathew</name> I'-.... ./ <name>Mathew</name> 
<address> <address> 
<select from Paderborn. Germany 
database> Database </address> 
<"/address> </result> 
</result> 
-
........ ../ 
'--
Figure 4.3 Advanced pipeline example (Langham & Ziegeler 2002, p. 73) 
As mentioned before, developers using Cocoon need to define the pipelines in the 
sitemap (see Listing 4-1). This sitemap is considered the heart of Cocoon where all 
necessary configurations are defined. 
Listing 4-1 presents an extract from sitemap which defines the components shown in 
Figure 4.3. It starts with the tag <pipeline> which tells Cocoon to carry out 
processing based on the embedded tags. The first component used in the above listing 
is the matcher component which allows the document request to be matched against a 
pipeline (Langham & Ziegeler 2002, p. 74). 
Listing 4-1 Sitemap example 
<pipeline> 
<map :mat'6h=nexamplel. htrnl"-> 
~ <map: generate, src="file.xrnl ll /> 
'<map: trans for~er tyPe:::::,'·, sqi 11">, 
i:::<:map :parameter' ,name=·'b.se:,;,.connecti~m;" Value=flmydataba'se" />, 
,,/map:transformer> 
<map:transformer type= lt xsl" src="toHTML.xsl ll /> 
<map: 'serializei type::::: ll html"/> 
</map:match> 
</oioeline> 
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In other words, when a user types into the Web browser the following URL (Uniform 
Resource Locater) http://www.imaginary-server.com/examplel.html.this URL 
tells Cocoon to process the pipeline holding the name examplel. html (which should 
be specified in a matcher). Having determined the pipeline required, Cocoon starts 
processing the embedded tags. The process starts exactly as described in Figure 4.3 -
i.e. reading the XML document, fetching the data from a database and placing them in 
their designated place(s), adding the HTML tags and finishing the process by using 
the serializer. 
Cocoon allows developers to define as much as is needed of pipelines for their 
application. In Cocoon, data which are processed by one pipeline can be passed into 
another one for further processing until the termination point (i.e. a serializer) is 
reached in the sitemap. Moreover, Apache Cocoon includes other components which 
allow developers to accomplish other functionalities - for instance, Cocoon can read 
HTML pages, using the html generator, and turn them into well-formatted XML 
documents for processing (Cocoon can only process XML format) (Langham & 
Ziegeler 2002, p. 71). 
Apache Cocoon is entirely written in Java; therefore, it is platform-independent. In 
other words, Apache Cocoon can run on any machine regardless of its operating 
system (Langham & Ziegeler 2002, p. 40). Cocoon also has been tested and used in 
the domain of adaptive hypermedia; It was used in the WHURLE system to underpin 
the processing and publishing of biology lessons (authored as XML documents) for 
students (Brailsford et aI., 2002). 
Apache Cocoon therefore offers a flexible environment for content processing, 
integration, and publishing making it a very good candidate for the development of 
the prototype system. 
4.3.4. The model adopted for personalisation 
A number of models for adaptation were reviewed In Chapter 2 (Section 2.1 0) 
including the Dexter Model, the AHAM model, the Munich model, and the LAOS 
model. The focus of these models was to describe the functionality of 
hypertextladaptive hypermedia in order to come up with standards that can be used to 
underpin the development of hypertext and adaptive hypermedia systems. 
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Consequently, this would encourage the interoperability and resources sharing 
between different systems. 
However, each model has its own approach which requires one to think carefully 
before deciding on which model to adopt. For instance, the LAOS model takes a 
mathematical approach for describing the adaptations in IS. The Munich model adopts 
an object-oriented approach using UML (Unified Modelling Language) for describing 
adaptive hypermedia systems. However, these two models were primarily based on 
AHAM, but with some extensions specifically being added to achieve more 
adaptation within the educational domain. 
AHAM adopted an informal approach for the model description which makes it easier 
to adopt when compared to the other models. It is based on the Dexter model which is 
the most widely used model for describing the architecture of hypertextJhypermedia 
systems. The AHAM has been used as the underlying model for the development of 
an authoring system - AHA (described in Chapter 2, Section 2.9.3). Therefore, it was 
believed that the AHAM model was the most appropriate model to underpin the 
development of the prototype system in this research. The following explains the 
elements adopted from the AHAM model. 
4.3.4.1. The domain model (DM) 
As in AHAM, the DM of the prototype system is concerned with describing concepts 
and concept relationships. In the prototype developed, the DM was authored using 
XML chunks that represent the concept (i.e. topics) and their relationships to other 
concepts. Seven XML resources were authored at different levels of information 
complexity including basic, intermediate, and detailed. These XML resources covered 
several topics including general explanations about MS where themes such as: what is 
MS, what causes MS, types of MS, how MS is diagnosed were covered. Also, topics 
concerned with symptoms of MS were explained including themes describing 
emotional and fatigue symptoms. Finally, topics concerned with MS treatment 
including fatigue and pain treatment were authored. 
The general structure of these XML resources is depicted in Listing 4-2. This listing 
shows the XML resource named 'General explanations' which covers general 
information about MS. This XML resource was authored into three levels of 
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information complexity as shown above in the listing. The structure started with the 
<generalexp> tag which is the root element of the resource. 
The tag <chunk name:;;:tlgeneral explanations" type="text" 
simplici ty~ "basic" priori ty= "1" > defined the information contained in this 
chunk using the several attributes. The name attribute gave a unique name to the 
chunks authored. The type attribute was used to indicate the format of information 
that was presented inside the chunk. Other possible values for the type attribute could 
be 'pics" to indicate the pictorial information or 'mix" to indicate both - textual and 
pictorial information (however, the value' text" is used to indicate all possible types 
of information in the current development of the prototype). Simplicity was· a 
significant attribute. It represented the level of complexity using three values 
including 'basic", "intermediate", and 'detailed". The simplicity attribute 
was also used to distinguish between chunks that have similar name attribute - for 
instance, <chunk name=" general explanations" simplici ty= "basic" > would 
be different (in terms of the depth of information) from <chunk name~" general 
explanations" simplicity~"intermediate">. This tag was useful to extract the 
information chunks by comparing users' attributes (stored in their profiles) with the 
simplicity attribute (see Listing 4-6). This represented the conditional text technique 
where information chunks are presented based on a particular condition within the 
user model (see Chapter 2, Section 2.8.1). The attribute priority was used to 
determine the sequence of the presented topics - e.g. priori ty~" 2" reflects the 
second topic in sequence. Values from '1" to '7" were used as seven topics were 
authored. 
Tags were also created to help the prototype system to recommend links to related 
topics based on users' knowledge. The tags <symbolizedname> and 
<symbolizedknowledge> indicated how the concept e.g. 'general explanations' was 
symbolised (i.e. represented) in users profiles. This facilitated the manipulation of 
knowledge about DM concepts for each user with MS (more explanation is provided 
under the user model and personalisation engine headings). 
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Listing 4-2 The genera) architecture of XML resources 
<chunk name="general~ explanations" type="text" sirnplicity="basic"o 
priori ty= 1'1 11 > 
<syrnbolizedname>cl1unlcnamel</syInbolizedname:. 
<s:ymbolizedknowledge>chunk.:.nam"i..)mowl.edge</syrnbolizedknOwledge> 
• achronic;i. e.long'~ter~' condition that~;f~cts the 
functioning of the central nervo';s~ystem (th~'brain and spitial cord).</p> 
</secti6ns> 
<relatedpipeline> . .;> ' 
<knowledgebased~tlri>···· •..•.•. ; •.• ;.;.; •. ; ..... <;;" •• ' .; .•• 
.. ;<pipeli(leid~;' SYl1\Pt:o!,,~. in.geneial":>~ontinue( 2) </;ipeline> 
..... ;;., .... <pipeli"eid="treatment in general" >continue (5) </pipeline> 
... ;. <7knowledgebased"iurl>· 
<static-url> 
<pipeline:, info_simplicity=" intermediatetl>other (1) </pipeline> 
.. <pipeline info_simplicity="detailed">other (1) </pipeline> 
</static"url> 
</relatedpipeline> 
</chunk>. 
<chUnk" name="general 
prlori ty=," 1 n): 
, ~', 
. . 
exp.llmatioris". tYl"~=" text..s i.ll1p.l iei ty=" intermediate' ,; 
, " '" 
, ~ , 
',"exP'lanat'~:6n's n ',;'t'n,e=11 t'ext ~:,'::~:i~'ii~iti~'~det~'iie'd;;": 
The tag <acquiredknowledge> indicated the knowledge that users would acquire 
after seeinglbrowsing the topic in the chunk presented. Values such as "1" was used 
to indicate the amount of knowledge which should have been acquired by users about 
the topic presented after reading the chunk. Based on this knowledge, the prototype 
system could present links to related topics (more details are in Section 4.3.5). More 
complex representations for knowledge could have been used (e.g. known, well-
known, learned, or well-learned). However, it was decided to keep this representation 
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as simple as possible, because the complexity of personalisation (required by MS 
users) was, at this stage of development, not fully understood. 
The actual content was stored in the <sections> tag where it was broken into 
subsections using the <section> tag. Each <section> tag contained a particular part 
of the overall topic presented. 
The <relatedpipeline> tag was used to identify the relationships to related 
concepts in other XML resources i.e. to define external relationships. The tag 
<knowledgebased-url> defined the links that would be generated based on the 
knowledge acquired in users' profiles. The location of these links were determined 
inside Cocoon's siternap; therefore, when the prototype systems reads the tag 
<pipeline id;" symptoms in general ">continue (2) «pipeline> it would be 
able to determine which resource to call. For example, the above <pipeline> tag tells 
the prototype systern that from the topic presented ("general explanations") users can 
navigate to other related topics such as "symptoms in general". The value 
continue (2) reflected the location of "symptoms in general" page inside the sitemap 
which would be generated using the pipeline approach explained in Listing 4-1. 
Hence, links to this related page would be presented to users. However, links leading 
to related pages are not presented unless the user has seen their prerequisite topics. 
For instance, users would not be able to see the topic "symptoms in general" and 
"treatment in general" unless users have seen the prerequisite topic "general 
explanations". 
The <relatedpipeline> tag was also used to define relationships (i.e. links) between 
chunks of different levels of complexity within the same XML resource i.e. to define 
internal relationships. These internal links enabled users to link to topics at other 
levels of complexity from the level being viewed. For instance, if users are presented 
with topics at basic level of information complexity, they could view the other levels 
of complexity for the same topic including intermediate and detailed. The tag 
<static-url> included sub-tags that define the internal resources with different 
levels of complexity. For instance, the sub-tag <pipeline 
info_simplicity;" intermediate">other (1) «pipeline> informed the prototype 
system about the location of the page that described the same topic, but with the 
'intermediate' level of complexity. 
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The </chunk> tag indicated the end of the chunk (general explanations) with the 
basic level of complexity. Following the same structure, another two chunks 
describing the same topic (i.e. general explanations) were authored but at different 
levels of complexity including intermediate and detailed (see Listing 4-2). Finally, the 
<!generalexp> tag was required to close the root element. 
The rest of the XML resources of the prototype system were authored using the same 
structure. 
4.3.4.2. The user model (UM) 
The UM in the prototype system was constructed using the MySQL database. Three 
important tables were built, these were 'ms_users', 'ms concepts', and 
'ms_concepts_knowledge'. The 'ms users' table included information about MS 
users encompassing a unique identification for each user, problem(s) being 
experienced by users including sight and/or fatigue, the assigned/preferred type of 
information complexity and any layout preferences (see Table 4.1). 
Table 4.1 Structure of ms_users table 
ID Inte er 
Name Character 
Diagnosis Character: values (none, sight, fatigue, or 
Info siro licit Character: values basic intermediate or detailed 
Background_colour Character: values (white or yellow) 
Font size 
Table 4.1 shows the information stored about each MS user (i.e. users profiles). The 
information in this table was used by the prototype system to determine the relevant 
chunks of information from the DM. The information presented in Table 4.1 is the 
initial information collected from users. This was achieved by asking users to fill-in a 
simple form. 
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The values of the 'Info_simplicity' and 'Font_size' fields in Table 4.1 were 
conditioned by the 'Diagnosis' field. For example, if a user selected from the fil1-in 
form 'Sight' as the problem being experienced, the value '\9' point (to show large 
font size on the screen) would be assigned to the 'Font_size' in the user profile (see 
the personalisation model part for complete personalisation rules). 
The 'ms_concepts' table stored information about the concepts (i.e. topics) of the 
DM. Similar to the AHAM model, there is a UID (Unique Identifier) for each topic 
represented by the concept's name. Topics' names were presented in the form of 
'chunk _ name(n)' where 'n' takes the value from I to 7, as there were seven topics 
authored (see Table 4.2). 
Table 4.2 shows the topics' names and their denoted values. For instance, the field 
'chunk name I ' represented the first topic in the DM with the value 'general 
explanations' . 
Table 4.2 Structure of ms_coucepts table 
Subject Character: default value (orientation to MS) 
Character: default values (general explanations) 
Character: default values (symptoms in general) 
Character: default values (emotional symptoms) 
Character: default values (fatigue symptom) 
Character: default values (treatment in general) 
Character: default values (fatigue treatment) 
Character: default values (paiu treatment) 
The field 'Subject' in Table 4.2 represented the overal1 topic (i.e. orientation to MS). 
The 'Subject' field was used to map between topics and the user's knowledge about 
these topics. As mentioned before, the knowledge value in this context indicated the 
topic(s) that were seen by each user (see Table 4.3). 
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The knowledge value in AHAM represented the user's knowledge about the DM 
concepts. Similarly, in the prototype system the user's knowledge about DM topics 
was represented using the values '0' or '1'. '0' (which was the default value) 
indicated that the topic was not seen, whereas' l' indicated that the topic was seen by 
the user. The knowledge values shown in Table 4.3 were represented using the fields 
'chunk_name(nLknowledge' where 'n' indicates the chunk number (from '1' to '7') 
which was mapped eventually to the 'chunk_name(n)' (i.e. topic). For Instance, 
'chunk_name(2)Jmowledge' represented the user's knowledge about the 
'chunk_name(2), which was eventually mapped to the value 'symptoms in general' 
(see Table 4.2). 
The fields 'ID' and 'Subject' in Table 4.3 were used to map between the tables 
'ms_users', 'ms_concepts', and 'ms_concepts_knowledge' to retrieve records for 
each user. This was achieved using the SQL select statement that joins the previous 
tables using the 'ID' and 'Subject' fields (see Listing 4-5 under the personalisation 
engine heading). 
Table 4.3 Structure of 'ms_couceptsJrnowledge' table 
ID Inte er 
haracter: val orientation t M 
Chunk name I knowled e 
Chunk name2 knowledge Integer: default value (0) 
Chunk name3 knowled e 
Chunk_name4_knowledge Integer: default value (0) 
Chunk nameS knowled e Integer: default value (0) 
Chunk name6 knowled e 
Chunk name7 knowled e 
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4.3.4.3. The personalisation model (PM) 
Two approaches to personalisation were mainly used in the prototype system -
rule-based personalisation and behavioural personalisation. Table 4.4 shows the 
personalisation rules that were used within the prototype system. 
Table 4.4 Rule-based personalisation adopted 
Cond'iti()~<i .• 
Problem (Le. diagnosis) is sight 
Problem is fatigue 
Problems are sight and fatigue 
Font_size value is set to '19' points 
Info _simplicity value is set to basic 
Font_size and Info_simplicity values are set to 
'19' oints and basic 
Otherwise (i.e. no problem being selected) Font_size and Info_simplicity are set to the 
default values - '16' points and intermediate 
As can be seen from the table above, the scope of the rules were only concerned with 
sight or/and fatigue problems. Table 4.4 shows four rules (i.e. conditions) and actions 
that were authored. For example, if users indicated they suffer from sight problems 
(during the creation of the user profile), they would be assigned to font size of '19' 
points (this was felt to be large enough for most users). The table also shows the 
default values assigned by the prototype system concerning font size (16 points) and 
the level of information complexity (intermediate). These values were chosen for 
users who did not select the fatigue and/or sight problems during the creation of their 
profiles. The 'white' background was always used as the default colour in the 
prototype (this was felt to give a good contrast for the black text). However, there is 
no one particular combination of background and text colours that can suit all 
situations - different sight problems may result in different needs of colours 
(Accessibility 101, 2007). 
Behavioural-based personalisation was achieved in the prototype system by 
identifying topics that were seen by users. To identify seen topics, the prototype 
system (specifically the personalisation engine) updated the knowledge of concepts 
from '0' to '1' in the 'ms_concepts_knowledge' table. Therefore, when the prototype 
system retrieved records from this table, '1' indicated the seen topics and '0' indicated 
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the unseen topics by users. Table 45 shows the behaviours as well as their 
consequences. 
Table 4.5 The behavioural-based personalisation adopted 
.• <,> ·······i. .... ......< 
! ..••... 
i.. .... ..... ..< .... . ........... 
. . ••.... ' Behaviour.> ..•.. ...... > COllsequence • . ..' 
Accessing the page (i.e. topic): general Updating the chunk_name(l)Jrnowledge to 'I' 
explanations 
Accessing the topic: symptoms in general Updating the chunk_name(2)Jrnowledge to 'I' 
Accessing the topic: emotional symptoms Updating the chunk_name(3)Jrnowledge to 'I' 
Accessing the topic: fatigue symptom Updating the chunk_name(4)Jrnowledge to 'I' 
Accessing the topic: treatment in general Updating the chunk_name(5)Jrnowledge to 'I' 
Accessing the topic: fatigue treatment Updating the chunk_name(6)Jrnowledge to 'I' 
Accessing the topic: pain treatment Updating the chunk _ name(7)Jrnowledge to 'I' 
Having determined the knowledge value of concepts, the prototype system 
(particularly the personalisation engine) was able to generate links to related concepts. 
For example, if the UM of a user reflected knowledge about the 'general 
explanations' concepts (i.e. the value of the chunk_name(ILknowledge was 'I ') then 
links to the related concepts would be presented. As described before, the prototype 
system identified the related concepts using the tag <knowledgebased-url> (see 
Listing 4-2). This is an example of the 'direct guidance' technique (see Chapter 2, 
Section 2.8.2). In this technique, one link is shown in accordance with e.g. the user's 
level of knowledge. However, the current implementation of 'direct guidance' (within 
the prototype system) presented more than one suitable link to users due to the 
structure of chunks within the domain model - i.e. a topic might be connected/related 
to more than one topic (see Figures 4.1 0 and 4.11). 
The actual execution of the personalisation approaches adopted, including the rule-
based and behavioural-based personalisation, was achieved by the personalisation 
engine. 
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4.3.4.4. The personalisation engine (PE) 
The main goal of the personalisation engine was to execute the rules authored in the 
PM. Rule-based personalisation was executed during the first stage of creating the 
user profile - Le. These rules were carried out during the registration process. 
Listing 4-3 shows the actual XSLT used to implement these rules. The XSLT was 
divided into three parts; each part carried out a particular rule from the rule-based 
approach (presented in Table 4.4). The XSLT used the <xsl: choose> tag to test 
against each rule. The first case was to test if the problem being experienced (by a 
user with MS) was a 'sight' problem. This was represented using the test <xsl :when 
test=" $problem= 'sight '" >. In this line, the problem being experienced was 
represented as a parameter that took its value from the fill-in registration form (see 
Figure 4.5, Section 4.3.5). If this test was true (Le. the user selected the 'sight' 
problem in the registration form) then the font_size field would be set to '19' in the 
'ms-users' table. The other fields, including the name and password, took their values 
from users input in the registration form. This was achieved using XSL T elements 
<xsl :value-of select="$name" /> and <xsl :value-of select=" $password" I>. 
In Listing 4-3, the <xsl:when test="$problem=' fatigue' "> test executed the 
second case (Le. rule) if users selected 'Fatigue' as the problem being experienced in 
the registration form. In this case, the info _simplicity field should be set to 'basic'. 
The test <xsl : when test=" $problem=' sight, fatigue' "> executed the third rule if 
users selected 'Fatigue and Sight' as the problems being experienced. As a result, the 
fields 'font_size' and 'info_simplicity' should be set to '19' and 'basic' respectively 
in the 'ms_users' table. Finally, the fourth situation was carried out in the 
<xsl: otherwise> section. This section was executed if users selected the 'none' 
option in the registration form, or if they simply did not select any of the options 
given. In this case, the default values of 'Font_size' (Le. '16' point) and 
'Info_simplicity' (Le. 'intermediate') should be initialised in the 'ms_users' table (see 
Tables 4.1 and 4.4). As can be seen from Listing 4-3, data manipulation (i.e. fields 
values) in tables is achieved using the SQL insert statements. 
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In addition to the information collected from users when they register for the first 
time, other information regarding their knowledge about the topics of the DM was 
initialised by the PE. This was achieved using the XSLT presented in Listing 4-4. The 
purpose of this XSLT was to insert the last created users ID automatically in the 
'ms_concepts_table'. The last created user was acquired using the SQL function 
last_inserLid (). Hence, if a new user registered in the prototype system, a new 
ID value number would be created in the 'ms_users' table. This ID value was used, at 
the same time, to create a record for that user in the 'ms_concepts_knowledge' table. 
Therefore, this simplified retrieving records for users and their knowledge about the 
DM concepts from the 'ms_users' and 'ms_concepts_knowledge' tables using this ID 
field. 
The other personalisation approach used (i.e. the behavioural-based approach) was 
also carried out by the PE. This approach was accomplished using the following steps: 
• Retrieving the current user profile and placing it at the top of the DM concepts 
document. 
• Examining the user's knowledge of the current DM topic being presented. If it 
was equal to '1' then the PE should use the <knowledgebased-url> to 
generate links to the related concepts that were described inside the 
<pipeline id=" ... " > tags (see Listing 4-2). 
• Updating the knowledge of users in the 'ms_concepts_knowledge' after seeing 
each DM topic. 
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Listing 4-3 XSLT for executing the rule-based personalisation 
<xsl:when test;'$problem;'sight'''> 
. . . 
<executecquery xmlns:''''http://apactie, org/cocoon/SQLi2. 0"> .. 
<query>; ;». c.. > .; .••• c .;. ..>. . i'",),'ins'e:tti::'into",ms:"u~,=r~' (naine/:password~ fonf~size) 
">",''t':'", >'i-'>"',,,' val1,ie,s;' (,'\,':<xst :,:yalue~of ,sel~ct~,,:' /> j I :V,,11Qecof· 
select~ ~$password" />'., 19)e . 
. </query> 
</execute-query> 
'</ih,wheIl"; 
. .. . 
<executecquery xm1ns=.' http://apache . O~g/ cocoon/ SQL!2. 0'> 
'<query> 
insert intoms_users (name,password; info_simplicity) 
values ('<xsl:value-of select="$name"/>','<:xsl:value-of 
select:::."$password"/> I , 'basic') 
</query> 
</execute-query> 
. </xsl: when> 
. , 
<xsl: when test:="$problett\~'sight, ia.~igue' ,;> ... 
<execu ~e-query .Xmlns;;'htt~://ap:c~~.if~ ?~~~oori/~bt/ 2.D:' > 
<query> .> •. ;.;;... .. ;.; .>;;; ..'. . ., . .. c'· 
insert into.". ms~user,s (narne;'passwoid/ f.()Iit.::..si ze I inf o_8 impl ic i ty) 
values Cl <xsl:?alue-::o,L select::::" $name u />' ; '<xsl :value-of 
select~",i $password" !>}'.,~'19;;',', basic ~,,) , 
</query> .(. . . 
</execute-query> 
</xsl:when> 
<xsl:otherwise;<!-- loa.ddefault va.ltJ.~s·frointhe·DB -->. 
<execute-query xml~s='h~tP,//apache.org/c()coOn(SQL/2. 0" 
<query> .; ... ;;, .. ! ; ;;y;!;;!' .. ' .,:. .. ..;'., <;; .. >;;. 
'insert' into' ms_us~rs (name';password), :';>;:, ,::,<,;,,>\.,:'::'>,,';0, .: '\ 
;<'-:'<"''''i,'values ,( ,I <xsl :value-oJ ~elect,:::,~,,$narne',,'j>!,:,;,,',<xsl':valtle-,qf 
select;:::n$passW'ord" I>',) , ' ' 
. </query> 
</execute-query> 
</xs1:ottierwise> 
</xsl:choose> 
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Listing 4-4 XSLT for initialising the user's knowledge of DM concepts based on the user's ID 
<execute-query xmlns=''http://apache.org/cocoon/SQL/2.0''> 
Retrieving the current user profile was carried out using the SQL statements presented 
in Listing 4-5. The SQL syntax shown in Listing 4-5 retrieved records from the tables 
'ms-users', 'ms_concepts', and 'ms_concepts_knowledge'. These records should 
belong to the current username that was equal to the value obtained by the XSLT 
element <xsl:value-of select="$name"/>. For instance, if the username (during 
the registration process) was 'Fred' then this value would be stored in the 'ms_users' 
table and also in a parameter called '$name'. Therefore, if the current user 
(interacting with the prototype system) was 'Fred' then the XSL-value element would 
be evaluated to the value 'Fred'. This ensured that the system would extract records 
which only belong to this particular username. 
Listing 4-5 SQL statements for retrieving the current user record 
:<ltser> 
,<execute-queryxmlns=''http://apache. org/cocoon/SQL/2,O"> 
<query> 
setect,,;* "from, ms'_users I ms_concepts ,ms_concepts_knowledge 
where" ms_users. name=" <xsl: value-of select= n $name" /> I 
and ms_concepts.subject=ms_concepts~knowledge.subject 
and ms_users.id=ms_concepts_knowledge.id 
</query> 
</user> 
The 'Subject' and 'ID' fields were used as foreign keys to retrieve records from three 
tables simultaneously. 
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Extracting DM topics at an appropriate level of complexity was based on the user's 
diagnosis (i.e. problem being experienced) (see Table 4.4). Therefore, when users 
selected (during the registration), for example, fatigue as a symptom being 
experienced, this would be used as the basis for extracting chunks of information at 
the 'basic' level of complexity (see Listing 4-6). 
Listing 4-6 shows the XSLT which extracted chunks from the DM based on the 
problem(s) selected during registration. This XSLT had two functions; first, it copied 
(using the XSLT copy-element) the current user information which had been already 
queried from the database using the SQL presented in Listing 4-5. Second, it extracted 
the chunks from different XML files and combined them in one place ~ this technique 
is called 'Transclusion'. 
Listing 4-6 XSLT for copying the nser's profiles and extracting chunks based on the user's 
diagnosis 
.' .. ', 
<user> 
····<i;C~i\ G6pY-Ofsel.~6t,;"i<. 
<page 'xsl!versl0n=l!~f. 0" 
xm1ns:xsl=''http://www.w3.org/1999/XSL/Tra:nsform~> 
.. <~~i:iCOpy~if sei~ct"~d()dllfuenl:('gerier"l 
exp1anations.xml')/genera1exp/chunk[@simplicity=$info_simplicity]" /> 
... 
, ,', ' 
<x"l: copy-of select=' document. ('pain 
treatment.xml')/treatmentpai/chunk(@simplicity=$info_simplicity]" /> 
</page> . 
<:/ti'ser> 
</xsl:template> 
Transclusion is a hypertext technique that is similar to the Xlnclude recommendation 
from the W3C. The XInclude recommendation allows aggregation of different XML 
documents in one place (i.e. new XML document) (W3C Recommendation, 2006). 
However, the transclusion technique used in the prototype system had more advanced 
functionality. It allowed the inclusion of specific parts from each XML document 
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rather than including the entire XML document. This techniques was achieved using 
XSLT 2.0 which allowed using the XSLT 1.0 Document () function with XPath 
expressions to retrieve specific parts from the designated document (see Listing 4-6) 
(DuCharme,2003). 
In order to use the transclusion technique in the prototype, it was important to use 
xsl: version=" 2 . 0" to allow the XSLT processor to differentiate between the XSLT 
1.0 and XSLT 2.0 elements (see Listing 4-6). Subsequently, the XSLT-copy element 
was used to copy chunks of the XML document specified inside the copy element. As 
mentioned before, the transclusion technique used the document function and XPath 
expression to extract specific locations from each XML document. For instance, the 
first XSLT-copy element in Listing 4-6 informed the XSLT processor to copy 
information chunks from the XML document' general explanations' starting from the 
root node 'generalexp' reaching to each child-node named 'chunk' with a specific 
'simplicity' attribute equal to the value of the variable $info_simplici ty. Allowing 
the 'simplicity' attribute to take its value from a parameter makes the transclusion 
technique more dynamic. It should be mentioned that seven transclusion statements 
were used (Listing 4-6 shows only the first and last ones). Each transclusion retrieved 
specific parts from an XML document and then aggregated these parts into another 
new XML document. 
Listing 4-7 shows the new aggregated XML document with the user's information 
(stored in the database) placed at the top of this document. The document in Listing 
4-7 was divided into two parts; an upper part where the current user's records were 
retrieved from three tables including 'ms_users', 'ms_concepts' and 
'ms_concepts_knowledge'. The lower part shows chunks of information, at a 
particular level of complexity, that were extracted based on the user's diagnosis. 
Having retrieved the user's information (including the knowledge about DM topics) 
and placed it at the top ofthe aggregated chunks, the PE performed a test based on the 
user's knowledge about DM topics. This test was accomplished using the XSLT code 
presented in Listing 4-8. 
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Listing 4-7 The new aggregated XML document with a user profile placed above 
it, j ,<'''''' " "T'" """"h'--; <~':>,,:~; :', "Ji',7::';','W;;':":\:" ::,' !:i~',:i,',L~'::,j-,:<;;" hi"""> / 'c;,':'!q> ""i>:,,:t;:'Y'ih"": '+::" '+'",/<, \-;LI»'-"" " +, '»+>;L';' d' d :<~:a~'ie?;_;::i": __ ':;,_'_-;" -"',i-:d ':-- -; '-",>,'"",' , ::-"!'>'::::< :",,>,' , 't-"" - ; ", '< I'> .,;" ,"','/',,0,' :i''C' _>'_-;' __ "-'--:"-:;'/_--:~-"!':'- '-:< '': ',-','-;; 
:i:. <<:use:r:ixmlI\s!Sql".".httP:l?!9.p~che;oJ:"g /cocoOri/ SQLi2,. D~'>: 
<narne>fred</name>/; ··t . . . .. . 
<password>cvx</password> 
<diagnosis>fatigue</diagnosis> 
< info_s implici ty>bas ic< 1 info_simpl ici ty> 
<background_color>white</background~color> 
<font_size>16</font_size> 
, _,' i, _ _ ; " _', .. ', _ _ _.\' ," "" '," '''>, 
<chunk:..name1>general.explanations</chu",k_name:I.>. 
< ch\mk_nameljnowl edge> 1</ Chunk_namel...knowl"dg"" 
<chunk_",ame2> symptoms . general <: /chunk_name2»: ... :....· 
<chunk_name2,-kno'fl edg",> 1< Ichunk.:..:name.2c.~t10\11 ",,,ge>; ... .. 
<chunk_name3,. symptoms"· emotional </ chunk.!:i1ame3> ...... 
<chunk_name3_knowledge>D<lchunk~name3_knowledge>:" 
.·<chunk_name4>symptomsfatigue<lchun)<...name4 >:. 
<chunk...name4,-knowledge>O</chunk:..name4_knowledge> 
<chunk_name5>treatmentgeneral</chunk_nameS:. 
<chunk_name5_knowledge>D</chunk_nameSc.knowledge> 
<chunk_name6>treatment fatigue</chunk,--name6:. 
<chunk_name6_knowledge>O</chunk_name6_knowledge> 
<chunk_name7> treatment pain< I chunk_name?,.. 
<chunk_name7_knowledge>O</chunk_name7_knowledge> 
</user> 
, <~b~'k"" name= "g~~'e'r'~l'\; e'~£~n~~'i'~n'~'~":'::'t'~~:~~';~'e'~'t;~'~""~'lmpii'~',i ty~ "basic", 
pr i,or i't y~, ",:~ ;:h~";:"~';":::':;"':}':;':";';'~::':'::::"<' :i:'::::;'t,~}~';'!/i;:::,,;j~: >:ti,,:,:::/:,' ,{r,,"~,':,~;, ;::,;,~q:;;\:';t:;,:,',;;(", ::,';;:':;~': j",:');;:;,:,':,:-':'::,,';P',:,'!; .\;-/','i ' 
. <syroboh zedname>chunkS.nam.el:< I symboliz",dname>.. . . .... .. .. 
<symbolizedknowledge>ch\lnkS.name1:..knowledge</symbolizedknowledge> 
. <acquiredknowledge>l</acquiredknowledge> 
, <sections> ,"" ." ' , , 
</chunk> 
<chunk name="symptoms in gen'eral 11 ',type="text ll s~inpliCitY="basic" 
priority="2"> , 
• I ~ - ~ 
<symbolizedname>chunk_narne2</sYmbolizeclname> 
<symbolizedknowledge>chunk_name2_knowledge</symbolizedknowledge> 
<acquiredknowledge>l</acquiredknowledge> 
<sections> 
</sections> 
</chunk> .. 
<chUnk name'i="emotional' symptbms~" tYPe= .. t~xt"", simpl:Lcity='ubasi'c 11 
priori ty=," 3 11 > 
<symbolizedname>chunk_name3</symbolizedname~ 
<syrobolizedknowledge>chunk_name3_knowledge</symbolizedknowledge> 
··<~cquiredknowledge>l</acquiredknowledge> 
<sections> ' " 
. <I chunk:. 
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Listing 4-8 XSLT responsible for testing users' knowledge and generating links to related topics 
<knowledgebased-url;-· 
, ' ',' ", " :-' 
<'xst": 'elemerft':' name'= 11 a n' >' , 
, <xsl'~ att'l"ibu't'e ~:'harti'~;;;'lIhie{n;' 
<xsl':value-oJ 
s,elect=nconcat(textO ;""iid'~ ,$"id'",'&amp; " 'name'~' ,:'$na:me:,::'i&'amPi i,: 
Linfo.::,simplicity= L i $info:.:.:...simplicity~ I &amp{ I.:,,,, background_calor= L'/ 
$background_color 
; $font:"'si.z'ef" I:; 
</xsl.: attribute> 
<xsl: attribute', name=/',ta'rget n> 
<xsl: text> _blank</xsl: text> . 
</xsl:attribute> 
<xsL:value-of sele'et=""@id" /> 
The XSLT-test shown in Listing 4-8 examined the current user's knowledge of each 
information chunk (shown in Listing 4-7). In this test, the value of each 
<chunk_name (n) _knowledge> in the upper part (i.e. user information) was examined 
against the value 'I'. Fortunately, the XSLT processor can traverse the XML 
document from any current position. At this point of processing (shown in Listing 4-
7), the XSLT current node was the <chunk name="general explanations" ... ;> 
tag. This location was important as each chunk contains necessary information for 
generating links to related topics (see <knowledgebased-url> in Listing 4-2). 
However, the position of the user's knowledge, which needs to be tested, preceded the 
chunks shown in Listing 4-7. Therefore, the XSLT test was structured to be able to 
examine the user's knowledge in the upper part of the document without losing its 
initial place. Because each information chunk contained how the knowledge about 
DM chunks should be represented in the UM using the <syrnbolizedknowledge> tag, 
this tag was used as a parameter (i.e. $syrnbolizedknowledge) inside the XSLT test 
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statement (see Listing 4-8). Combining the parameter $symbolizedknowledge with 
function preceding: : * [name () ... J allowed the XSLT processor to look exactly at 
the name of the preceding node based on the value $symbolizedknowledge 
parameter, and examined it against the value' I ' . 
If the XSL T test value evaluated true (e.g. if the value of the node 
<chunk_name2_knowledge> equals to 'I '), then the XSLT processor would execute 
the XSLT syntax that generates links to related topics (see Listing 4-8). This syntax 
used the XSLT-for loop element to ensure applying the knowledge test on all chunks. 
The XSLT shown in Listing 4-8 assembled links from elements, attributes and values. 
First, the XSLT built the links anchor <a> element of a link, then it added the 'href 
attribute to the this anchor. As with any HTML link, the 'href attribute should 
include the URL of the destination document. In the prototype system this was 
achieved by adding the name of the pipelines (in Cocoon's sitemap) responsible for 
creating the destination documents. As described before, each chunk and particularly 
the child-nodes of the <knowledgebased-url> node include the URL of the pipeline 
that was responsible for generating the related pages. Hence, these nodes values (e.g. 
continue (2) and continue (5» were copied using the XSLT-copy element. This 
XSLT-copy element used the concatenation function concat () to attach information 
about users (such as ID, usemame, information simplicity (Le. complexity), 
background colour and font size)to links. This information was important, as it fed 
into the XSLT files which were responsible for extracting chunks at an appropriate 
level of complexity. This information fed also into the XSLT files which were 
concemed with rendering XML documents to HTML with appropriate layout (Le. 
font size and background colour). The XSLT code in Listing 4-8 built the attribute 
'target' with the value' _blank' to enable links to be opened in a new window. 
Finally, links names took their values from the '@id' attribute specified in the childe-
nodes pipeline id=" symptoms in general"... and pipeline id=" treatment 
in general" ... of the <knowledgebased-url> tag (see Listing 4-2). 
Using this approach to generate links in the prototype system made links authoring 
simple. Once this approach is applied, developers only need to author and specify the 
pipelines that are responsible for creating the destination documents. 
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Moreover, the same approach described earlier was used to generate another set of 
links i.e. <static-url> (see Listing 4-2) which provides users with the other levels 
of complexity available in the prototype system. 
It can be seen from Listing 4-7, all DM chunks were extracted with the current user 
profile information waiting to render them into HTML on the Web browser. However, 
these chunks were divided into several pages where users saw only one chunk (i.e. 
topic) per page. This was accomplished using the pagination transformer from Apache 
Cocoon. This transformer provided 'previous' and 'next' links which enabled users to 
move sequentially - forward and backward - throughout the orientation presented. 
4.3.5. The user-interface of the prototype system 
The user-interface is that part of the 'system that users interact with e.g. a computer 
screen, a computer mouse and keyboard, touch screen, voice recognition software, 
etc. (Martine et al. 2006, p. 755). 
The prototype system, in this research work, provided a user-interface that adapted to 
sight and fatigue symptoms of MS sufferers. This interface was generated as HTML 
pages that could be rendered by the Web browser. 
Potential users of the prototype system are MS sufferers with fatigue or/and sight 
conditions looking for information about MS with an appropriate layout and at 
particular level of detail. A possible scenario for using the prototype system by a user 
with MS could be as follows: 
A user with MS comes to the Website (i.e. the prototype system) for the first time 
looking for general information about MS. This user needs first to create a user profile 
in order to be able to browse the content of the Website. The user is experiencing 
sight and fatigue problems and therefore he/she selects the 'Sight and Fatigue' option 
in the registration form. Data are then collected and used by the prototype system to 
create the user profile. Subsequently, the prototype system personalises the layout and 
the details of content (i.e. the level of information complexity) based on data stored in 
the user profile. Moreover, users of the prototype system are able to override the 
assigned values of the layout and the level of information complexity in their profiles. 
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The prototype system was constructed as a Website which presents HTML pages to 
end-users. The Website was hosted on a local machine (the author's laptop) where the 
development environment I of the prototype system was installed including: 
• Java development kit-J2SDK version 1.4.2_13 
• Apache Tomcat version 4.0.6 
• Apache Cocoon version 2.1.6 
• MySQL database version 4.0.13 
To access the Website of the prototype system, users needed to type in the following 
URL in the Web browser: 
http://localhost:8080/cocoon/rnsportal 
Typing this URL in the address bar informed Apache Cocoon to call the resource 
called 'rnsportal' from the sitemap. Consequently, an HTML page was generated 
and presented on the Web browser (see Figure 4.4). 
Figure 4.4 shows the log-in page where users were required to register if they were 
new users or simply to type-in their usemame and password if they were already 
registered users. 
The log-in and the registration were important processes in the prototype system. The 
log-in was important as it allowed user identification so that users profiles could be 
initialised and used to deliver an appropriate presentation and a suitable level of 
information complexity to users. The registration process was required for new users 
and it was an important step, as it aJlowed building the initial users profiles. 
Referring to the scenario mentioned earlier, it was assumed that the user was not 
registered within the Website and therefore he/she was required to undertake this step. 
I A user installation guide for the development environment can be found on: 
http://cocoon.apache.org/2.I/installing/index.html 
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Users could access the registration page by clicking on the link 'Register' (see Figure 
4.4). 
:,:. 
fJe Edit ........ f~Qf~'" Tools. Ho~. 
lE) • liil @ .i'_m .'l, ....... e tJ· 
Usemrune: L .......................................................................... 1 
Password: L .........................................•....................... .J 
Figure 4.4 The log·in page 
:,:1 
["" .................................. , 
Euter IIlL<lemallle l!!'.~ _______ '
Ellter a password \,!. .. !.! .. ! .. ! ___ , '='.=:=-.~ 
Do yO\l experience a1l.Y of these problems';' 
o sight 
Oiang-ne 
[§iyight and fatigue 
Onolle 
Regi,ter I I Back I 
Figure 4.5 The registration page 
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Figure 4.5 shows the registration page where the initial user profile was created. The 
design of this page was deliberately kept as simple as possible - users were required 
only to select a usemame and password (no special characters or length were required 
for these fields). In addition, users were required to select the problem(s) being 
experienced from the options presented so that the prototype could carry out the rules 
associated with each option (see the PE description). Having finished entering the 
fields in the registration form, users should click the button 'Register' in order to 
proceed with building the initial user profile. 
When clicking the 'Register' button, data entered in this registration form were 
collected and used to build the initial user profile. As mentioned before, building the 
user's profile was carried out by an XSLT file that executed SQL statements (see 
Listings 4-3 and 4-4). Subsequently, a page appeared to users confirming if their user 
profile had been built successfully (see Figure 4.6). This type of feedback ensured 
that users were always kept informed about what was happening in the system. This is 
called "visibility of system status" which is a usability guideline provided by Nielsen 
(2005) 
At this stage, users needed to log-in into the. Website using the usemame and 
password which had been created. Thereafter, a homepage was presented to users 
where they were able to review their assigned values in their profiles including font 
size, background colour, and the level of information complexity. As described 
before, these assigned values resulted from executing the rule-based personalisation 
adopted (see Table 4.4). Figure 4.7 shows the system's homepage where users have 
the option either to change layout or/and the level of information complexity assigned 
or to proceed with the orientation using their current preferences. Changing users 
preferences could be accomplished using the link 'Personalise'. Proceeding with the 
orientation (i.e. the overview) could be done using the link 'Start overview'. 
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:Jtr 
C·",· [i:j @ ~i);)"·" 'It F_ M el~;iJl;>l<!l.: ~,!'1. ··-·--.w_.<! 
fI~;~"~~"t;;;~;/~;~;~;~~~'~'~;;'~~f:~~:~~:~~~;:;o:;;""'" ................... ;~: ~ Go :t41;:4:" 
you have successfully built your profile, please login using the link below and use yonr username 
~lnd password to enter 
Lagin 
Figure 4.6 Confirmation of profile creation page 
Welcome fred, 
Tins Website is intended to plO\~de general ovelview about Multiple 
Sclerosis (MS). It provides general information on the nature of MS. 
symptoms and treatments_ 
According to your profile you have got the tl)llowing preferences: 
iF~~t;i~~ -- ----- -- ---119"1 
11~~~*~~f~fg~~=}f~;\~j 
IfyOll want to stmt the oreintation with your Clment preferences please 
click" Start ovelview" link, if you like to change them please click 
Figure 4.7 Users homepage 
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When users clicked the link 'Start overview', the prototype system called that pipeline 
inside the sitemap of Cocoon. This pipeline was responsible for generating HTML 
pages that constituted the orientation. As explained earlier, these HTML pages were 
produced using an XSLT file which extracted the information chunks based on the 
users' diagnosis (i.e. symptom(s)) selected during the registration (see Listings 4-6 
and 4-7). Furthermore, the layout values (i.e. font size and background colour) were 
taken from the user profile and fed into an the XSLT file which was responsible for 
transforming the extracted information chunks into HTML pages. These layout values 
were already embedded in the URL as parameters. Therefore, when any URL was 
accessed the values of, these parameters were transferred by Cocoon to an inline CSS 
embedded within this XSLT file. Figure 4.8 shows the information chunk 'general 
explanations' rendered in HTML format on the Web browser. 
Information level: basic 
General explanations 
What is MS? 
MS i~ a chronic, ie.loug-tenn, condition that affects the ftulctioning of the 
centrru. nervous system (the brain and spinal cord). 
Figure 4.8 'General explanations' chunk rendered as an HTML page 
Figure 4.8 presents the first concept 'general explanations' in the orientation rendered 
on the Web browser. With respect to the content, the level of information complexity 
presented was basic. In this level, the content was presented as short paragraphs and 
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the images were presented in their full size. The font size2 and the background colour 
values were '19' point and 'white' respectively. These assigned values were based on 
the option selected during the registration process - 'sight and fatigue' (see Figure 
4.5). In order to make users recognise the level of complexity assigned to their 
profiles, the heading e.g. 'Information level: basic' was placed at the top of the 
content area (see Figure 4.8). 
At the end of each page, sequential links (i.e. next and previous) were presented. 
These links enabled users to move sequentially (forward and backward) within the 
course of the orientation (see Figure 4.9) 
• Sensory (touch) problems such flS munbness or tingling of the hmlCls 
,",d feet 
• Visual problems :~nch as bhund or double vision. or a temporary loss 
of sight in one eye causec1 by optic neuritis (illfbllllllation of the optic 
nelve) 
• Fatigue - ml overwhelming sellse of tiredness making physical ~Uld 
mental 
• Dizziness 
• Pffin 
• Loss of muscles strengtll mId de>..ielity 
• Problems with walking, bruance and co-ordination 
• Muscles stiffness and spasms - tightening or rigidity in pmticulnr 
muscle gronps (known as spah1icity) 
• Blndder and bowel problems 
• Cog.nitive problems (i.e. problems with memo,y ,",d tlunting) - snch 
ns forgetting names 
• Selmal problems 
~.VIe:;: (page Z of 7] !!~"U'-
Figure 4.9 Sequential links - previous and next 
lilt .. 
Referring back to Figure 4.8, it can be seen that there were two sets oflinks presented 
- 'Appropriate links' and 'Available levels of information'. The earlier set of links 
were generated based on the user's knowledge acquired about the topic presented. As 
described before, ifusers accessed the page e.g. 'general explanations' it was assumed 
that they had read this topic and therefore Iink(s) to related topic(s} could be 
2 It should be noted that the font size in the figures is much smaller than reality, since these figures 
were 'taken as screenshots. 
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presented. Figure 4.10 shows one of the 'Appropriate links', i.e. 'treatment in 
general', which was opened in a new window. 
Information level: basic 
Treatment 
MOIIY of the "l'lnptollls of MS can be 
treated really effectively. Here is some 
advice about treatment tllat people found 
u,efnl: 
Figure 4.10 Appropriate Iillk opened in a new window 
In the prototype system, 'Appropriate links' were designed to be opened in a new 
window (see Figure 4.10). However, if users accessed one of the appropriate links 
from the 'Treatment' page (in the figure above), another new window would be 
opened. This could be difficult to users with MS especially if they are experiencing 
fatigue. At this stage more investigation was required to determine how these links 
should be presented to users. 
Two means for navigation were presented to users within the prototype system -
sequential links and appropriate links. Figure 4.11 shows the sequential navigation 
between pages (i.e. topics) using the links 'next' and 'previous'. The figure also 
shows knowledge-based navigation using appropriate links. For example, reading the 
topic 'Fatigue symptom' allowed users to access the topic 'Fatigue treatment'. 
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Pages (i.e. topics) 
Figure 4.11 Sequential and knowledge-based uavigation 
Users were able to see the other levels of information complexity irrespective of their 
assigned level. This was accomplished by presenting the links under the heading 
'Available levels of information'. For instance, if the basic level of information 
complexity was assigned to users then links to the other levels of complexity 
including intermediate and detailed would be presented (see Figures 4.9 or 4.10). This 
provided users with the ability to override the level of complexity assigned by the 
prototype system. 
Figures 4.12 and 4.13 show intermediate and detailed levels of information 
complexity that were available to users. 
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Fie Edt _ f""""lttll Tools ~ 
1 j)S6<1<ch ~fF8VOfles et; 
Informlltion level: intermediate 
General explanations 
'Vhatis MS? 
Multiple sclerosis is a disease of the centrrullervous 
system. The central nervons system iq made up of the 
brain and the spinal cord. which goes from tlle hrain 
down tlte back inside the backbone, The oUler Palt of 
tlle nelV011S system is called the peripheral nelVOllS 
syst.em and consists of ol'dinmy nerves which leave the skull ~llld spinal 
colmll11 to go to ruJ pruts of tile body. 
Sometimes, nei"ves close to the brain such as the optic 
nerve. which provides vision. are affected in multiple 
sclerosis. These nelves are still pm1 of tlte central 
llelVOllS system. In multiple sclerosis the outer coating 
nf,,,m,,, of the nerve fibres is drunaged, TIlis coating is 
Figure 4.12 The intermediate level of information complexity 
F~ Edt \lbw F.wortes Tools ~ 
,}~ Seardl ''h Fa...orlll$ 0' 
Information level: detailed 
General explanations 
"llat is MS'? 
~-fS is a chronic disease of the white llwtter oftlle central nelVOUS f:.'Ystem. l'dS 
affects more women than men (3 \vomen to 2mell). MS OCClm;l '\ith different 
frequencies in different Emopean c01Ultries. Estimates tellul:l the following: in 
souUlel11 Emope almmd 50 people in 100,000 have Ille disease; in pmts of 
Scotl"nd Ille ligUles al'e 200 people ill 100,000 Md ill the rest ofEllIope it is 
"rOlmd lOO people in 100,000 who h"ve MS, 
Click show more link to see lllQIe detf1ils, 
What is wrong when you have MS? 
':';.:;:;;: .•  ••• !!!1 In the \vhite matter of people with rvlS there ru'e two processes going on tlwt. 
nonmilly do not happen. The first, process is: tiny patches ofinflrumnation 
Figure 4.13 The detailed level of information complexity 
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myelin grows again 
myelin). But when the j't Lfl"'lllmatil 
scal' in tlle nervous system.' The 
.. '\.s well a-; this uP~ruld-dO\rllnm~~~~~~~~~~§.i~~~~.1 
inflmmnation occurs and the 
more gradual process of "p<'mdi' 
known as "demyelination u. 
m:ound the nerve fibres grrujm,Uyl 
as it were ~ eaten away 
grarlmdly hecomes 
nerve fibres to tmnsmit n': Lformali~ 
informationlr",,,fer is blocked 
destroyed, ,!~~~~~~~~~i,~~fl 
Click ffiQw iI.!!£~~ link to see a pj 
by MS. 
Click !.~'!~ .. l1.!.<>g.link 10 hide delaiL, above. 
'What causes MS? 
Despite a gxeat deal of resem'ch, we still do not know wItat causes MS. But 
Figure 4.14 Expanded content on the detailed level of complexity 
Figure 4.12 shows the intermediate level of information complexity. In this level the 
content was more detailed in comparison with the basic level of complexity. In 
addition, in this level pictures were presented in a thumbnail format where users 
should click on the picture to view its full size. 
In Figure 4.13, the detailed level of complexity is presented. The content in this level 
was designed in a way that allowed users to expand/hide the content on the page. This 
was achieved using the CSS display property - 'none' and 'inline' - which was 
concerned with hiding/showing specific parts of the text. These properties were 
directly added to the required text inside the XML chunks and invoked using links 
that apply those properties to designated text upon access. Therefore, the link 'show 
more" applied the 'inline' property which showed the content on the page. The link 
'hide more' applied the property 'none' which prevented the content from being 
shown (i.e. hidden) on the page (see Figures 4.13 and 4.14). This represented the 
stretch-text technique which was used for content adaptation (see Chapter 2, Section 
2.8.1). However, the current implementation of this technique (within the prototype 
system) did not take the user's knowledge into account - i.e. the content was not 
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stretched or shrunk based on the user's profile, it was rather left to users' to control 
this process. 
Images were presented as a link leading to a picture in this level of complexity (see 
Figure 4.14). It should be mentioned that although users could view other levels of 
complexity, the links to subsequent pages were disabled until users returned to their 
assigned level of ·complexity. The aim of this restriction was to prevent users from 
delving into the new level being viewed and losing the trail of the original level. For 
this reason, users were only presented with a 'Back' link (see Figures 4.12 and 4.13) 
so that they could return back to the original level being assigned to their profiles. 
The prototype system allowed users to override the assigned values to their profiles in 
terms of the layout (font size and background colour) and the level of information 
complexity. This was accomplished using a personalisation form where users were 
able to change these values in the user profiles. This personalisation form could be 
accessed using the 'Personalise' link from the horizontal menu (see Figure 4.8). 
Figure 4.15 shows the personalisation form where the values of the current user 
profile values were loaded in this form. For instance, the form presented in the Figure 
4.15 shows that the current user profile values were 'white', '19' and 'basic' for the 
background, font size and the level of complexity respectively. In this personalisation 
form two buttons were also presented - 'Change' and 'Back'. The 'Back' button 
should be used if users decided to get back to the original page without changing the 
values in their profiles. The 'Change' button should be used if users decided to 
change any option in the personalisation form. Figure 4.16 shows that the level of 
information complexity was changed to intermediate. 
Clicking the 'Change' button brought a confirmation page on the user's screen. In this 
page, users were given the opportunity to return back to the personalisation form to 
amend tJieir selections or simply to proceed with the changes that had already been 
made. This was achieved using the 'Back' or 'Apply Changes' links respectively (see 
Figure 4.17). Assuming that the user was happy with changing the information level 
to 'intermediate', clicking the 'Apply changes' link regenerated the orientation based 
on this selection - i.e. the intermediate level of information complexity would be the 
main level of the orientation presented. Consequently, links to the other levels of 
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information complexity were presented including 'basic' and 'detailed'. Moreover, 
the same appropriate links were presented, but they led to related topics at an 
intermediate level of information complexity (see Figure 4.18). 
Change font size: 19 
Change level of il1fOl'matiOll:r.~.~,~"~:: ....... _".Je~ 
I Change I I Back I 
Figure 4.15 Personalisation form to enable users to change values in the user profile 
Goad<. • 
, __ ', ',. n~' •• _',"'_" __ , _. ___ " '·"'0,', n." '"'W,_, __ ,_._ "~',_,,", ___ " ' __ """'.'.' ,_""," ;,;"-._<.~",_"" _, "~"', •. ,"-.. _ ,'._ '",','_. , -,'. '~",,, .. ,._ ",',,_,'" ._ .. c. ~."_,' ",.--'-'i" '. :-I\<li'~ro !.tl htt~'I/Iocatlost'BOOOrCOC<X>nledittorm7\(j..888on.....-lredMopIt-fat\ilUe6Wo_type-texte.wo_..,.,klty_bMicSO"CI'.gr"un'Cc~"&lont...st<._17&lont_typ ___ P':; ~ Go l"'~£" 
Change baci{gl'onnd colour: ['white .:001 
Change- font she: 
Change le,-el of Int,onn.lllm); 
Change 
Figure 4.16 Changing the level of complexity to intermediate in the persDnlisatioD form 
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You have successfully made the changes, cUck "Apply changes" Hnk to confirm otherwise click 
"B~lCk" linl{ to retUI'D to the personalisation form. 
Applv changes 11 Back 
Figure 4.17 A confirmation page for changing the values in the personalisation form 
Information level: intermedhlte 
General explanations 
\Vhatis MS? 
Multiple sclerosis is a disease of the centJ:a1 nervous 
system, The centnll nelVOUS system is mnde up of the 
brain and the spinal. cord. which goes from the brain 
down the back in.<ide the backbone. The other prut of 
tlle nervollS system is called the peIipherrunervous 
system and COIlsi~ts of ol'd.inary nerves which leave the skull mld spinru 
cohu1ll\ to go to all pmt, of the body. 
sometimes. nerves close to the brain sl1ch as the optic 
nelve. which provides vision, are affected in multiple 
sclerosis, These nelves are still of the cenU'a1 
Figure 4.18 Changing the level of information complexity to intermediate 
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Technically, when users changed value(s) from the personalisation form, these 
changes were stored in a temporary user session. This session was created by Cocoon 
immediately after the user logged-in into the prototype. Also this session should be 
destroyed when the user logged-out. This means that these changes were not stored 
permanently. However, these values could permanently be saved into the user profile 
in the database if users clicked on the 'Logout' link. Figure 4.19 shows a log-out page 
to users when they clicked the 'Logout' link. 
You have successfully logged out. You can use the link below to login again: 
Figure 4.19 The termiuation of the user interaction with the prototype system 
4.4. Users' responses to the initial prototype 
As mentioned before, The 'Evaluation' was followed subsequent to the 
'Development' phase in the design research methodology. Section 4.4.1 to 4.4.8 
presents the dominant themes derived from the users' responses (using the 'meaning 
condensation' method outlined in Chapter 3) as they interacted with the prototype 
system during the evaluation session. Sections 4.5.1 to 4.5.8 fully discuss the 
implications of these findings. 
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4.4.1. User profiling 
Users were required to register within the prototype system by filling out a 
registration form, which fed into the creation oftheir profiles. In the evaluation, users 
were asked questions in order to determine the ease of filling in the registration form, 
and to identify whether further fields were needed within the design of the registration 
form. 
Users commented that it was fairly easy to fill in the registration form. They felt that a 
small number of fields/options within this page made the registration process simple. 
"It is easy. I have been to other websites where you must have letters and 
numbers to fill in; this one is quite straightforward. " 
However, it was found that additional options/fields in the registration page were 
needed. One user (the MS domain expert) suggested having another personalisation 
feature, a list of symptoms, so that users would be able to chose only symptoms that 
they wanted to know about. In addition, she suggested that the language used and the 
content displayed was very important especially during the early stages of diagnosis. 
"You could personalise symptoms that people with MS experience, but you need 
a very clear statement indicating that very few people experience all of these 
symptoms - most people do not get all the symptoms. Most people are 
information seeking around the time of diagnosis, so you have to be very 
sensitive how to tell people about MS when they are newly diagnosed, because 
they will feel worse if you give them a bad image about MS. The language and 
the content should be non threatening. " 
This indicated that more personalisation options would be welcomed within the 
prototype system. However, these options should enable users to easily select the 
desired information, and should take into account the time of diagnosis in order to 
present information at an appropriate level. These personalisation options could be a 
'list of symptoms' and a 'time since diagnosis' field. 
4.4.2. Suitability of the information on the homepage 
The prototype system included a homepage that appeared to users after completing 
the registration process. During the evaluation, users were prompted by questions to 
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identify the suitability of the information on the homepage, and whether it guided 
them while interacting with the prototype system (see Figure 4.7). 
Some users considered that the information on the homepage was easy to understand, 
but they gave little attention to the usefulness of the information. 
"Yes. I think information there is easy to read and to understand. " 
However, other users, who considered the quality of information, expressed the need 
for extra information (i.e. explanations) about the various elements on the homepage. 
"Yes I think it tells you everything that you need to know. Just make clearer the 
description of the 'start overview' link. " 
"I do not know anything more at the moment; it is said that this website is 
intending to provide a general overview about MS, so I presume that it will just 
say that. lfyou [could] have just a little bit of explanations about various links 
[functionalities} rather than having the information about your profile. " 
Moreover, one user (the MS domain expert) expressed a strong desire to have more 
explanations on the homepage about how the prototype works, and how it presents 
information to users. She believed that providing users with these explanations would 
be considerably significant, and without such explanations the information could be 
threatening to users. 
"You could say, it is general information presented in a format which is 
personalised [in terms of e.g. colours}. The bit I am bothered about is suggesting 
that it is going to give the information I want. I could be quite frightened by that, 
because how did they know that I have got spasms in my left leg or whatever, and 
also it is frightening because it is going to be generic information about MS 
which is going to probably cite lots of different symptoms. So if I get [this 
information from this system that is personalised to me], does that mean that I 
am going to get all those symptoms! This could be quite threatening. I think you 
have to be careful about the use of the word 'personalised '. " 
This indicates that people with MS are willing to learn about how a personalised 
system works. This desire to be engaged with a personalised system by being 
motivated to know how it presents information was deemed significant. However, this 
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also indicates that users (particularly novice users) may misunderstand the way that a 
personalised system works and what its role is. 
4.4.3. Additional users' requirements in terms of navigation 
When users explored the content, they were asked whether there was a need for 
adding personalisation options that would enhance their interaction with the prototype 
system. The purpose of this was to elicit any additional users' requirements. 
Some users (including the HCI expert) suggested having links to all of the available 
pages, so that users could pick up their preferred routes in the prototype system. It 
was also suggested that having links that changed colour when a page was visited 
would be useful, so that users would know which pages that they have already 
accessed. 
"I always like to see at the top, groups of links that I can look at. I might know 
what types of MS there are, so I would like to be able to choose from a set of 
links. I do not want to read through the whole. I prefer to pick out the topic that I 
want. 11 
"I think it is better to have a content page with all of the different links, and the 
ones that you have already visited should be in a different colour to know which 
ones you have already seen and to know which ones you have not seen. " 
Although changing the colour of the visited link is done automatically by many web 
browsers, these users liked and emphasised this feature. Users felt that changing the 
colour of the visited links would help them in determining their location and prevent 
them from getting lost while browsing the information. 
In the design of the prototype system, placing all the Web pages links at the top of the 
page being viewed enabled users to actively choose their preferred links. This is 
particularly true for web systems that include a small number of pages; however, it 
would be impractical to include all of the links when the web system includes too 
many pages, because doing this would result in a 'links overload' problem. Also, 
doing this in the prototype system would produce lengthy pages that require 
considerable scrolling effort by users. Therefore, more appropriate 
personalisation/adaptation should be used in order to enable users to effectively 
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browse the structure of a personalised system particularly when it has a considerable 
hyperspace structure. One solution to this is to use a 'site map visualisation' 
techniques (see Section 4.5.3). 
4.4.4. The suitabiJity ofthe inferences 
4.4.4.1. The assigned level of information complexity based on symptoms 
The prototype system assigned users to a particular level of information complexity 
(basic, intermediate or detailed) based on the symptom they selected within the 
registration page. In the evaluation, users were asked a set of questions to determine 
their thOUghts/opinions about the level of information complexity they were assigned. 
This provided an indication about the suitability of the inferential rules of 
personalisation, which mapped users to a particular level of information complexity 
based on their symptoms. 
Three users felt that their assigned level of information complexity was suitable. This 
was particularly true of users who were assigned the basic level of information 
complexity. 
"] think it is good. There is just a little bit of explanation and] think that is ideal. 
Ijyou got a lot of writing, you would getfed up with reading it, but this isjust 
little paragraphs which] think is very good. " 
"The content is quite well presented with drawings of the nerve cell getting 
affected by MS. Lots of text is not good. " 
"] think short bursts of information are better to take in than long ones. " 
It was clear that people with MS were more inclined to read short and concise 
information. This means that a personalised system should default to the basic level of 
information complexity - rather than intermediate or detailed - as this level probably 
is the most appropriate one to start with. 
Moreover, one user, who was assigned to the intermediate level, commented that 
providing users with general information about MS was not beneficial, stressing again 
the fact that people with MS wanted to know specific information - i.e., information 
related to their symptoms/conditions (as found in Section 4.4). 
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"This kind of information is unnecessary, what they want to know is about their 
problem. If they have fatigue so they want to know what is fatigue, how you get 
rid of it, which magic pill do you take!" 
However, there might be some occasions where people with MS would genuinely 
need information on a general level as in the case of a person newly diagnosed with 
MS. This signifies that personalisation maybe able to meet the users' needs. 
Furthermore, one user (the HCI expert) felt unconvinced about the that fact that the 
prototype system selected the level of information complexity for users based on the 
selected symptoms, and also suggested this as an option that should be left to the 
users' choice. 
"I am less convinced about the system choosing it for you based on criteria that 
you set. I think it is good if you set it for yourself I think it is best if you know 
what the choices are and what the consequences of those choices are, so if you 
say: you can choose the font size and that will make the screen easier to read; 
you can choose the i'!formation complexity and that will mean how much text is 
presented to you, and then the user makes the choice and personalise it to the 
preferences. There is very much variation even between people with sight and 
fatigue problems in terms of what makes things easy for them to read; so, in a 
way it is better let users find their comfortable set of parameters and then to be 
able to tailor that. " 
Although users were given the option to change the level of information complexity at 
a later stage, it was apparent that users must be given a quick and easy way to 
personalise the content; for example, allowing users to choose the level of information 
complexity on registration rather than being assigned to a particUlar level. 
4.4.4.2. Overriding the assigned level of information complexity 
While using the prototype system, users were given the ability to override the value of 
the assigned level of information complexity based on the selected symptom(s). In the 
evaluation, users were prompted by questions to acquire their thoughts/opinions about 
this personalisation feature. 
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All of the users felt positive about being able to change the level of the information 
complexity, because this gave them a sense of controlling the level of information 
complexity they wanted to see. 
"People like a certain degree of self control if you like, and the ability to change 
things to fit their way of reading things. " 
"It is a good idea, because if somebody has got MS and they know the basics 
maybe they do not want to read that twice. " 
"It gives you choice; It is good to have a choice, and the choice of two or three is 
sufficient as well, and it does not get you into confusion. " 
There is a strong desire for users with MS to be in control over the information they 
can get about the disease. This desire can be fulfilled by including simple 
personalisation options that particularly enable users to control/override the 
personalisation rules that govern how the content that is presented. For instance, as 
the last user suggested, the number of options within a personalisation field can be 
relatively small (two or three) for users to choose from. This enables them to easily 
control the content without being confused. 
Moreover, one user (the MS domain expert) felt positive about this feature, but 
suggested providing more explanations about its consequences so that users could 
make appropriate selections. 
"Yes I think it is a useful feature, but I want it clearly sign posted. I want a clear 
explanation upfront of how it is working so that I can actively choose what level 
of detail I want. I think it is a good feature. " 
Similar to the result in Section 4.4.2, a consensus of having more explanations about 
how the prototype system works, again shows the willingness of users with MS to 
learn about a personalised system in order to make accurate/appropriate selections. 
4.4.4.3. The assigned layout based on symptoms 
The prototype system assigned a particular layout to each user according to the 
symptoms they selected within the registration form. During the evaluation, users 
were asked to express their thoughts about the suitability of the layout. This reflected 
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the suitability of the personalisation inferential rules which matched users with 
particular symptom(s) to a particular layout in terms of the font size and background 
colour. 
Most users felt positive about their assigned layout in terms of the font size and the 
background colour. 
"The font size is easy to read. It is fine for the white background colour. " 
However, two users preferred a yellow background colour, as this made the text easier 
to read. 
"1 have a visual problem, and 1 do not find the white background colour is a 
good idea; 1 prefer a yellow background colour. " 
"1 prefer the yellow background colour with black font on it - that is a lot easier 
forme. n 
This variation in terms of which background colour is more appropriate for reading 
signifies that users should be able to personalise this aspect during the registration 
(with the ability to override it later); this would fulfil users' different needs in terms 
of this partiCUlar presentational aspect. 
Moreover, most users felt that the font 'Times New Roman' was hard to read, and 
they expressed the need to have the 'Arial' as an alternative. 
"Well, it is great that 1 have got black on white text. The italics are difficult to 
read, and 1 think that the Arial font is easier to read than this one with the serifs 
on Times New Roman. " 
"1 do not like Times New Roman 1 would like it to be set to a Sans Serif [font], 
because Times New Roman is hard to read when you have visual problems. " 
Nevertheless, there was a unique case where a user stated a preference for 'Times 
New Roman' rather than 'Arial', as the latter caused him a visual disturbance. 
"1 prefer Times New Roman. There are some fonts which cause me a problem 
like Arial. " 
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The variation of which font type is easier for users to see, indicates that users with MS 
should to be able to personalise the font type in order to fulfil their needs. 
4.4.4.4. Overriding the assigned layout values 
In the prototype system, users were given the option to override the personalisation 
rules that attached users to a particular layout based on their symptoms. During the 
evaluation, users were asked questions in order to know the usefulness of changing 
their assigned layout values. 
Users gave varied opinions on this feature; two users felt that the ability to change the 
font size would be useful (though they were happy with the current values of font size 
and background colour). However, they considered changing the background colour 
pointless, but they mentioned that this feature could be useful for other MS users. 
"Changing the font size I think is useful. I did not like changing the background 
colour, but somebody else might need to change it; I personally prefer white. " 
"There must be some people who are colour blind who cannot tell red from 
green for instance, but I find that perfectly easy to read. As far as I know, people 
with MS have a trouble with seeing so it is nice to make font bigger that is 
certainly very good, but I do not think there is a great deal of [importance in] 
changing the background colour. " 
Other users felt that it was a very useful feature to able to personalise the font size and 
the background colour, stressing the fact that people with MS have different needs 
specifically in terms of background colours. 
"Yes it is good; it is really useful to change the font size and background 
colour. " 
"My son comes and plays around with the computer, and he always changes it 
back to the original look of the machine; he has a blue background colour, 
because he cannot cope with my preferences - everybody is different. " 
"but you see other people might think very differently; just because I like the 
yellow background colour with bold black font other people might say: no, no I 
do not want that at all. " 
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While most users expressed comfort over the assigned layout values, other users felt it 
necessary to personalise these values to better suit their conditions; this clearly 
indicates that it is necessary for MS users to be able to override/personalise layout 
values suggested to them. 
4.4.5. Using different levels of information complexity 
Users were provided with different levels of information complexity according to the 
symptom(s) they selected within the registration page. However, users were able to 
view the other levels of information complexity if they desired even if they were 
assigned to a particular level. This was accomplished either by using links located 
under the 'Information level' heading or by changing the 'level of information' option 
in their profiles (see Figures 4.8 and 4.15 respectively). The aim of this was to find 
out the appropriateness of presenting the information to users using three levels of 
information complexity - basic, intermediate, and detailed. During the evaluation 
users were asked a set of questions to capture their opinions/thoughts about 
introducing information in this way. 
Users felt very positive about having information available at different levels of 
complexity, and also they valued the opportunity of viewing these different levels 
simultaneously. 
"Say you want to find something about MS, you can go and look into the 
intermediate, and if you want a bit more details then you can go to the detailed 
one, and that is a good thing. " 
"One leads you automatically to another and that is a good thing. When I was 
first diagnosed, it was intensive; we wanted to know very much about MS. So, I 
think you can start with basic information on any subject then if you want to go a 
bit further you can browse the intermediate and detailed information. " 
"I think the idea of choice is a good one, and you can control the amount of 
information on a given topic. " 
Users liked the idea of having progressive levels of information rather than being 
assigned to a particular level of information complexity. This indicates the importance 
of authoring content with progressive levels where users should be given the option to 
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choose the preferred/appropriate level to start with, or they could be defaulted to the 
basic level ofinformation complexity (as suggested in Section 4.4.4.1). 
However, two users (including the MS domain expert) pointed out some usability 
issues concerning some of the link's names and their headings; they considered the 
labels describing the level of information ('basic', 'intermediate', and 'detailed') as 
not being clear enough in reflecting their meaning or their functionality to users. 
"What I imagine is that there are some people who would not understand what 
information level means; that is why you have got to explain it. It is not clear to 
me what intermediate means; you have to tell the person what to do. " 
"Well, I think that the words basic, intermediate and detailed are not easy to 
understand for all people, because these words require people to have a good 
knowledge of computers. " 
Although users liked having the content in three levels of complexity, and appreciated 
the ability to view the other levels of information, users' feedback indicated that 
appropriate use of language was deemed very significant when designing a 
personalised system in order to remove any confusion that may occur to them. 
4.4.5.1. The presentation of text/images on each level of information complexity 
The text/images were presented in three styles with regard to each level of 
information complexity. For instance, short paragraphs and full size images were used 
on pages containing the basic level of information complexity. While evaluating the 
prototype system, users were asked questions to ascertain the appropriateness of 
presenting the text in short, medium, and detailed paragraphs and to identify the 
suitability of presenting the images in different styles - full size, thumbnail or link 
leading to an image - with regards to each level of information complexity. 
In terms of the amount of content available at each level, users thought this was 
reasonable with most expressing a strong preference for having the content presented 
as it was provided in the basic pages - i.e. short paragraphs. 
"You can read and read about the causes of MS, you can write a whole book 
about it but I just want to see some basic stuff in there, and I think what you have 
got is a good basic stuff; I think the content looks very reasonable. " 
143 
Chapter 4 First Implementation 
"I think it was quite good. I like the basic one because it just tells you in plain 
ordinary language what MS is; there are lots and lots of readings that you 
cannot get done with it. " 
As far as the text presentation was concerned, users were more at ease with the basic 
level of text presentation - i.e. short paragraphs. This indicates that the text of the 
other information levels (intermediate and detailed) could be presented in the same 
way as the basic level but with more details to make the information more 
attractive/encouraging to continue reading for users. 
However, one user (the MS domain expert) commented on the complexity of the 
language at the basic level, and felt that the this level of information could be hard to 
understand by a newly diagnosed person although the content was presented in a 
simple way - i.e. in the style of simple tips or hints. 
"The language is quite complex; It looks as if the content is simple, because 
there is not a lot of it, but actually someone who did not know anything about MS 
might struggle with it. " 
Apart from the significance of having a computer analyst/programmer involved in the 
design, the MS expert's comments signify the importance of involving individuals 
with other expertise such as an expert in the MS domain, or even a medical journalist. 
Including such expertise in the design of a personalised system would ensure the 
production of more relevant/appropriate content, and thus a more reliable personalised 
information system. 
Furthermore, some users commented that it was difficult to cope with the large 
amount oftext on the detailed pages. 
"I do not like the way the text is presented in the detailed one, because it is just 
too much." 
Although viewing the detailed pages was appreciated by users to get more in-depth 
information about a particular subject, it was clear that the text on these pages needed 
to be properly formatted - e.g. including white space between paragraphs and clear 
headings that could be easily read by users. 
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In terms of the image presentation, most users preferred the presence of images (as 
full size or thumbnail images) rather than having a link that led to an image. 
Furthermore, users criticised the lack of explanations about the expandability of 
thumbnail images. 
"Pictures tell a thousand words; I am a great believer in pictures. Anybody can 
know what is happening in MS with those two pictures there, which is good 
whether you want to see that all the time or as a thumbnail that you can just click 
on. In the detailed version if you have got a link that says 'myelin sheath' for 
instance you will not know if you are going to more text or going to a picture. I 
prefer having a picture or a thumbnail of a picture. " 
"I prefer the presence of the full size [image] and I did not appreciate that the 
small picture would increase if I clicked on it, because there was nothing telling 
me anywhere that this would happen. You know some times you need to be led a 
bit by directions on the website; you need more clarifications. " 
Another user felt positive over the presence of the images in the text with a preference 
to have them as a thumbnail presentation; She said: 
"I prefer clicking on the thumbnail picture to enlarge it, because if you want to 
see it you can click on it and expand it, otherwise you can carry on reading. I 
prefer the presence of pictures, because sometimes there is too much writing, and 
I cannot take it all in. " 
However, one user liked the idea of a textual link leading to an image; he felt that 
having a thumbnail image within the running text would make it not noticeable, or 
that full size images would distract users from reading the text; he said: 
"When you go into detail, I think it is good to have to click on a link to get a 
picture; if the picture was just there with all those words it would get lost in it, 
and I think it almost needs that reaction from the user to bring up the picture; 
otherwise things can be often too easy, and you don't take it in. I quite like the 
discipline of reading it first without being distracted by a picture; that is a 
personal thing, but I quite like it that way. " 
It was clear that there were variations with regards to the preferred type of image 
presentations among users. Some of them liked the presence of full images, some 
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users liked the thumbnail images and others preferred to have textual links leading to 
images. Therefore, personalisation of image presentation could be useful in these 
situations where users would be given the option to choose their preferred style for the 
presentation of images. 
4.4.5.2. The ability to showlhide content 
Users were given the ability to control the amount of the infonnation presented on the 
detailed pages. This was accomplished by including the 'show more'I'hide more' 
links that enabled users to showlhide some parts of the content (see Figures 4.13 and 
4.14). In the evaluation, users were asked about the usefulness of this feature. Most 
users felt very positive about the ability to control the amount of content displayed on 
the screen, because this empowered them to easily find the required infonnation. 
"I think these links are very usefUl. I like the idea of being able to expand or hide 
information; it saves a lot of time and I can find what I want easily. " 
"I think it is useful; it gives people a wide control. " 
"Yes, I think they are useful. " 
The users' responses therefore clearly indicated a strong desire to control the amount 
of infonnation being displayed. 
4.4.5.3. Using other media types including videos and audios 
At this point in the evaluation, users had become familiar with the kind of 
personalised functionalities that were provided by the prototype system. Therefore, 
they were asked if they could think of any other features that would enhance their 
access to the infonnation within the prototype system. 
One user, who was experiencing mobility problems, suggested the use of other media 
types such as video/audio files so that he could watch/listen rather than reading a lot 
of text particularly during periods offatigue. 
"You can always do sounds as well of course which you do not have here. That is 
something I quite enjoy on other sites every now and then instead of reading 
through loads of explanation - just click on it and see a film. On the BBC you 
can watch a snippet of news instead of reading about what is happening in 
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Palestine at the moment; you just click on it and there is a little film and you can 
listen to what is the reporter saying - it is a lot easier. Going back to my fatigue I 
find it a lot easier to listen rather than to read through all of this writing; so to 
my mind you can incorporate those; I like to see something like that; it would 
make it good. " 
Other users, who were also experiencing mobility problems, suggested using 
computer software that enabled the text to be read out to users. 
"Some people have problems with sight, so what about a bit of talk? I use a 
programme on the computer that reads the text for me. " 
Using these other media types were suggested by some users, but other users did not 
suggest anything regarding this, and felt happy with the current implementation - i.e. 
pages with text and images. Therefore, including these other media types could be 
part of the personalised choices that the system could provide to users. 
4.4.6. Suggesting links based on knowledge (appropriate links) 
The prototype system implemented a simple tracking mechanism of pages accessed 
by users. Users were provided with appropriate links related to the topic being viewed 
(see Figure 4.10). One purpose of the evaluation was to identify the usefulness of 
using this mechanism which exemplifies the 'behavioural-based' personalisation 
approach. During the evaluation, users were asked to identify if they could ascertain 
the usefulness of appropriate links that resulted from this type of personalisation. 
Most users seemed uncertain about the functionality of these links and, consequently, 
identifying their usefulness. Users perceived these links in different ways; some users 
perceived these links as normal links connecting to another webpage - i.e., they could 
not identify the relation between the current topic and those links. 
"Another page, which either I have to enlarge or just scroll through. " 
"It is just a general overview of what you might get; It just tells you what the 
symptoms are and what the treatments are. " 
One user perceived these links as external links connecting to an external website, and 
felt confused about these links' destinations; he said: 
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HI expect these links [are] to MS society or other things; I am probably wrong 
but that is what I am excepting to see. I find the words of these links long - I find 
things now a bit complicated with these links; they did not clearly represent their 
functionality to me. Appropriate links to me is often another website 
somewhere. " 
Furthermore, three users felt that there was inappropriate explanation of these links: 
HI do not know whether the word 'Appropriate' is quite suitable!" 
"If I am in a general explanation page you can just have 'symptoms' or 
'treatment' why have 'treatment in general' while I am in the general section. 
Keep it as easy as possible - the more words you have the more complicated it 
becomes. " 
It was clear that users did not fully appreciate that the 'Appropriate links' were the 
ones deemed most appropriate by the system. It was true that there was an element of 
ambiguity about the functionality of the links; this was partly because of 
inappropriate links headings and destinations. Therefore, during the evaluation more 
details were given to users about how these links were suggested by the prototype 
system. However, users still seemed reluctant to use these links; one user specifically 
commented on this by saying: 
" If all links are there down the side of the screen, and then I have got to click the 
ones that I want. I think I prefer that rather than being told which way to go. We 
are also very different; we are individual people, and what might work very well 
for some people might not work at allfor others. " 
MS users seem not to favour situations where the element of control is taken away 
from them. This implies that adopting a pure personalised system would likely to be 
rejected by this community, because it is not only taking control away from users, but 
also it does not give them the opportunity to comprehend or learn about the system's 
actions (as found in Sections 4.4.2 and 4.4.4.2). 
4.4.7. Users' thoughts about providing additional personalisation features 
It was felt that when users had finished their interaction with the prototype system 
(i.e. had completed the tasks that were provided in the task sheet) that they had gained 
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a better understanding of personalisation and how personalisation could help them to 
find information in the required format, and what aspects could or could not help 
them to access the information within the prototype system. Therefore, users were 
then asked a set of questions to determine their thoughts/opinions about the usefulness 
of the following additional concepts. Therese are included in Sections 5.8.1 to 5.8.3. 
4.4.7.1. Providing personalised information based on age 
MS usually affects young and old adults. Therefore, it was thought that it might be 
useful to provide users with personalised information based on their age. For instance, 
a video information about new treatments of MS may be better presented by an older 
authority figure (i.e. a doctor). Other information, however, could be more 
appropriately communicated by peers - for example, videos presented by a middle-
age male/female probably would make the video more engaging for middle-age MS 
sufferers. 
Users were asked questions to capture their thoughts about providing this level of 
personalisation. Most users felt that providing personalised information based on age 
was not a necessary feature. 
"I do not think age group makes any difference . .. 
"I do not think you would need something else . .. 
"I do not think it is necessarily at the moment . .. 
Similarly, one user felt that having this feature was not necessary, and expressed a 
worry of making the design of the prototype complicated by adding this feature. He 
said: 
"People in most cases got MS commonly at 30 by which the time you are 
entering a very general age group, and I am not sure if it would warrant the 
effort to provide this feature in your website; also it could overcomplicate it . .. 
However, one user (the MS domain expert) felt that taking the age group into account 
to provide easier format of information would be helpful partiCUlarly for older people, 
because they would probably be less knowledgeable in using the Internet in 
comparison with younger people. 
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"Yes, it is good idea. 1 think there are different types of information searchers, 
and 1 think they probably correlate to age. So, 1 think it is likely that some in my 
age is less familiar with internet use than someone in 25. Therefore, 1 think ifwe 
are talking about an easier format based on age then 1 think it is probably a good 
idea. " 
It was clear that people could not appreciate the difference of information needs based 
on age. This may be because there was only one age group (40-60 years old) willing 
to participate in the evaluation. However, it was understood from the comments made 
by the MS expert that people could be different in their information needs based on 
age; therefore, providing personalised content and presentation based on age could be 
useful. One way of accomplishing this is by adding an 'age group' option in the 
registration page. This would enable the prototype system to select the appropriate 
content to users based on their age. Nonetheless, users access' should not be restricted 
and they should be able to view information from the other age groups if they 
required to. 
4.4.7.2. Providing personalised information based on gender 
Certainly some of the symptoms in MS affect men differently than women; e.g., 
sexual dysfunction. Therefore, it was thought that giving users personalised 
information based on gender would make the information more tailored to their 
specific needs. Hence, users were asked questions in order to acquire their 
thoughts/opinions about this personalisation feature. Most users felt that providing 
personalised information based on gender would make no difference, or might make 
the prototype system more complicated to users. 
"1 do not think gender makes any difference. " 
"1 do not think so personally. You can get too detailed and lose what you are 
aiming to do in the first instance if you are not carefUl. If you want to develop a 
good website you should not over rig it by trying to put in too many [criteria}, 
because it starts getting very confusing then. " 
"Personally 1 do not think there is a need to go to that level. What you have got 
is OK with me." 
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Similarly, One user believed that most MS symptoms were not gender related, 
nonetheless, he thought taking the gender aspect into account when providing 
information could be successful on particular occasions - e.g. during pregnancy - he 
said: 
"Almost as a sub thing yes; I mean because most MS symptoms seem to be not 
gender related, but obviously some specific things like: does MS affect 
pregnancy? This would be gender related. So I am not with applying this idea as 
a whole split male and female, but just for some minor things which are very 
specific . ., 
However, one user (MS domain expert) considered providing this feature as a useful 
idea, because there are very different information needs among men and women in 
relation to many symptoms, and particularly those related to sexuallbladder 
dysfunction. 
"Certainly within MS there are very different information needs among men and 
women; for instance, symptoms in sexual dysfunction and bladder dysfunction 
(and those are the obvious ones) affect men differently than women and therefore 
there would be different needs for information. Lots of symptoms in MS would 
result in different needs for information. " 
It was noticed that the MS expert had a more overarching view than users. Users with 
MS did not appreciate the difference in the information needs, because they had not 
experienced being a different gender and therefore another gender's requirements. 
Moreover, introducing other personalisation features would not necessarily 
complicate the prototype system (this worry also was found in Section 4.4.7.1) 
because of the fact that personalisation occurs behind the scenes. Hence, 
personalisation based on gender could be a very useful feature. 
4.4.7.3. Providing personalised information according to the role of the user 
Although this theme was beyond the scope of this research project, which only looked 
at providing information to individuals with MS (see Chapter I), it was felt that 
acquiring users' thoughts/opinions about this issue could feed into the requirements of 
future personalised systems for the MS community. Therefore, users were asked 
questions about providing personalised information according to the role of the user; 
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i.e., person with MS, a family member, health worker, etc. Most users thought that 
this level of personalisation was unnecessary; they thought that using three levels of 
information complexity could serve the information needs for different roles of users. 
"I think you have almost done it by having those three different levels anyway. I 
think you could just get it too complicated. I think the three levels are quite good. 
A child in a school who wants to know about MS can look at the basic level, or 
perhaps you and I can look about MS in the intermediate and the detailed ones. 
Intermediate and detailed levels also might be suitable for doctors, nurses and 
specialists to look at. " 
"You have already covered a certain amount of it, because you got basic 
information, intermediate information. I am not sure if there is any point going 
any further really. I do not think it is worthwhile going to that level of 
personalisation - In the library you do notjind books that are labelled Aunty's 
copy or Dad's copy or something like that!" 
In contrast to these comments, leaflets do exist called 'My Dad's got MS' and 'My 
Mom's got MS' that have been very popular in teaching children about their parents' 
illness. Moreover, there is a book called 'The young person's guide to MS' that helps 
young people to learn about MS and how it affects their feelings. This implies that 
perhaps users interviewed are, again, not seeing the bigger picture or the benefits of 
this type of personalisation. 
However, two users (including the HCI expert) felt that providing information based 
the user's role could be a useful feature. In addition, the HCI expert suggested that 
users should not be restricted to one view, and should have a full access to 
information for the other viewpoints ifthey wanted to. She said: 
"I think that is useful. I think that you ought to be able to look at other 
aspects/kinds of information even if it is personalised, so if I was registering as a 
carer then it would be good to know information for carers specifically, but I 
think you might also want to look at information as if you were a patient, because 
you want to understand from the patient point of view or the sujJerers point of 
view. So 1 think you ought to be able to switch between the different views of the 
information without restrictions. " 
The second user with MS said: 
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HI guess MS as a personal experience is different from a carer experience; so, 
yes there is case for a corer section - I would say - because it must be obviously 
a different experience to experience MS on a daily basis rather than the person 
who has got it; I think there is some argument for something to be included in. " 
This probably reflects the overarching view of the HCr expert compared to MS users. 
The majority of users with MS who were interviewed could not identify the benefit of 
using personalisation based on the user's role (though the last user appreciated the 
usefulness of this feature), because they had not experienced the other viewpoint - i.e. 
being a service provide or health worker; this was a limitation of the evaluation, 
because there were no interviews conducted with individuals with these roles. 
Nonetheless, providing this type of personalisation could be very useful; people could 
learn about MS from different perspectives; consequently, this could lead to the 
integration of people's efforts to better handle/manage the MS disease. 
4.4.8. Users overall thoughts/opinions about personalisation 
At the end of each individual session of evaluation, users were asked about their 
overall thoughts/opinions about the usefulness of using a personalised system to 
access the infonnation. 
All users agreed that it was very useful to them to be able to particularly personalise 
the font size and background colour and also to personalise the level of infonnation 
complexity. 
HI think you have done it quite well with the fact that you can change the 
background colour to a certain extent - that is about accessibility, and the fact 
that you can change the level of content - you can look at basic or detailed 
information if you want. In general, I think it is a good thing to have these 
personalised features particularly the background colour, because you cannot 
alter that on most of the websites. " 
HI think personalisation is good; it is lovely having the font size I want, and the 
colour I want although I think colours should not need changing often, but there 
will be time to change them. It is a shame in some way that you cannot choose 
font size and colour with every website you go to. " 
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"I think it is very good; It helps people with MS to increase the font size so they 
can see it bigger, or if they cannot read black font on white background colour 
they can change the background colour to something more suitable. Generally, I 
think it is handy . .. 
Furthermore, one user (the MS domain expert) valued the ability to control the font 
size and background colour; however, she felt that the feature of personalising the 
detail of information - Le. levels of complexity - was a difficult task, and it would 
need not only someone with good writing skills, but would also need someone with 
deep knowledge in MS to be able to produce appropriate information at different 
levels of complexity. 
"I think the ability to choose background colour and text size is good. In terms of 
detail of information and actual content, I think it is a hugely difficult task; I 
think it has got potentit;l. I think it actually needs someone not only with a great 
deal of understanding of writing, but also someone with a great deal of 
knowledge about MS in order to produce something useful. So I am 
uncomfortable about some of the information which I think is not right, and I 
think it could be done. I think you could get different levels of complexity, but it 
is a huge job . .. 
The MS expert comments have implications for the development of a personalised 
system in the MS domain. Producing personalised content about MS needs the 
involvement of individuals with different skills (as found in Section 4.4.5.1) and this 
approach could be quite expensive. 
Moreover, she suggested a way by which information could be presented more 
appropriately to users rather than presenting the information at different levels of 
complexity. This was to use information at a general level, and then to highlight the 
important words that users could click in order to acquire more specific/detailed 
information. 
"What I would perhaps prefer, and what might be more useful generally is to 
have a load of stuff at the general level or the basic level perhaps with 
highlighted bits that you can press on to get more information. You can say 
something like: 'for more information on spasticity click here', so then you can 
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click on that link and expand it in a conventional way into what is spasticity 
looks like." 
While this way of presenting the information to users is not a complex personalisation 
techniques (i.e. it is simply a hypertext technique similar to the one explained in 
Section 4.4.5.2), the MS expert's feedback shows the importance of allowing users to 
control the details of information that they can see rather than being assigned to a 
particular level of information complexity based on any criteria - i.e. the information 
should be provided in a less predetermined way and allowing more user control. 
4.5. Discussion and implication of users' responses 
The following sections reflect on the results of the first implementation and discusses 
their significance in terms of the personalisation prototype. 
4.5.1. Users profiling 
Acquiring information about users was deemed important for two reasons; the first is 
to determine how to present information, and the second is to determine what 
information to present. For example, a visually impaired user may not need 
information about visual problems. Yet this type of information about the user's 
condition is vital for presentation purposes - i.e. to provide font size and background 
colours that are appropriate for a visually impaired person. 
It was found that users with MS welcomed having more personalisation options being 
added to the prototype system. Users' comments/suggestions indicated that 
introducing more personalisation options such as 'list of symptoms' and 'time since 
diagnosis' could be beneficial to them. 
The 'list of symptoms' option would help users to actively choose their specific 
information need about a particular symptom. Most users preferred having direct 
access to specific topics about MS symptoms rather than starting with introductory 
materials. However, this did not negate the importance of having information on a 
general level; for instance, a newly diagnosed person with MS would still need some 
information on a general level- e.g. 'what is MS?' - and might find it difficult to start 
with a very specific topic such as 'Spasticity'. Implementing the 'list of symptoms' 
option does not require any additional attributes to be included within the structure of 
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the XML resources, because chunks that describe symptoms could be extracted based 
on the chunk's name, and this is an already existing attribute (see Listing 4.2). 
However, for the future design of a personalisation system, more materials 
specifically describing symptoms of MS would need to be produced. 
The 'time since diagnosis' (TSD) option was found to be a significant factor that 
would facilitate the generation of more appropriate information based on the stage of 
diagnosis for people with MS. During the early stages of diagnosis, people usually 
tend to be very sensitive to the information that they get about MS. Therefore, the 
information must not provide users with a threatening image of MS, as doing this may 
make them feel worse. This option can be integrated within the design of the 
prototype system in a way that enhances the accuracy of the user model, and 
consequently enhances the relevancy of the extracted information chunks. The user 
model values for TSD could be: newly diagnosed (ND), medium-term sufferers 
(MTS) and long-term sufferers (LTS). Adding the TSD factor in the user model 
would require adding further attributes to the structure of the XML resources - e.g. 
some of the basic chunks would include the attribute TSD = "ND". This may also 
require alternate versions of existing chunks being rewritten. Hence, a person with a 
fatigue problem whose TSD is ND will get information that is authored appropriately 
in terms of the presentation (e.g. in a tips style) and with appropriate language (e.g. 
very positive). Most users (except the MS domain expert) did not comment on the 
language and whether it was threatening or positive, because they were LTS. This 
most likely reflected an extensive experience with their condition. 
As users' symptoms and 'time since diagnosis' would definitely change over time, 
this means that their information needs would change accordingly. Therefore, users 
should be able to override these personalisation options - for example - in their 
profiles. 
4.5.2. The suitability of the information on the homepage 
It was felt that identifying major usability problems in the prototype system would 
benefit the evaluation purpose although the primary aim of the evaluation was to 
evaluate the personalisation features used within the prototype system. Therefore, 
making a clear separation between what users had accepted/rejected as personalisation 
features as opposed to usability issues was vital to the evaluation. 
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It was clear that the material on the homepage lacked enough information about link 
destinations and accurate details of what the prototype was intending to provide to its 
users. Nielsen (2003) has discussed "the ten most violated homepage design 
guidelines". Nielsen stated the importance of including explicit summaries of what the 
website does and what type of service it offers. As being of vital importance, while 
his argument was mainly focused on Websites in the corporate sector, the idea was 
also seen to be vital to the design of the prototype system. However, there is a conflict 
between providing an overview of what people may want know and what they need to 
know. For example although the prototype system helped users to find and learn about 
the various symptoms of MS, there was a worry that newly diagnosed users might 
assume that they may develop all the cited symptoms within the prototype system. 
Therefore, users must be made aware that they may not get all of the symptoms they 
may learn about, and that the information was personalised to them only in terms of 
the presentation and the level of information so that it becomes more 
appropriate/accessible to them. 
The users' requirements for having additional information that explains how the 
prototype system works, shows that they are willing to learn and engage with a 
personalised system that they could potentially use and that users of adaptive systems 
should be provided with information about how these systems work. However, this 
type of information should be presented in a simple format. Tsandilas & Schraefel 
(2004, p. 8) suggested using descriptive information that considers the behaviour of 
the system so that the system's behaviour would be "transparent" and "predictable" to 
users. 
4.5.3. Additional users' requirements in terms of navigation 
Although there was a set of personalised links. (i.e. appropriate links), and sequential 
links (i.e. previous and next links) provided for navigation, users preferred having a 
list of all the available links with clear destinations - at the top of each page - where 
the link colour changed if a page had been accessed previously. Such a preference 
was not a personalisation feature and changing the colour of the accessed link is 
already a default behaviour of most web browsers. However, users preferred having 
such links. They felt that these links would not restrict their access and would enable 
them to actively choose their preferred pages about a desired topic. Nonetheless, as 
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mentioned in Section 4.4.3, placing all links at the top of the page could cause 'links 
overload' if the system's hyperspace is enormous. This problem is generally referred 
to as 'lost in the hyperspace' problem where users could easily get lost while 
browsing any hypertextihypermedia system, because of the unrestricted access to 
links. In addition, users could experience a cognitive overload when trying to 
comprehend and visualise the context/scope of the system's hyperspace (Diebold & 
Kaufinann 2001, p. 159; Andrews 1998, p. 40). 
However, adaptive solutions such as providing users with relevant links based on their 
knowledge and showing specific parts from the entire hyperspace (based on users' 
knowledge) would be less successful and inappropriate for the MS community (see 
the finding and discussion in Sections 4.4.6 and 4.5.6 respectively). In situations like 
this where an overview of the entire hyperspace (i.e. the site map) of a system is 
required, other approaches can be used. 
Visualisation of site maps and overview diagrams are thought to be useful approaches 
to present the entire hyperspace to users. These approaches allow users to identify 
their locations and to see other related information from other locations within the 
hyperspace of a system. However, it is very diffi cult to visualise a large hyperspace of 
a system all at once on the screen to users. This problem can be managed to some 
extent by using the 'Focus+Context' approach. In this approach information of 
interest to users is simplified, visualised and integrated with other information from 
the same context. There are several techniques that can be used for data simplification 
- "Filtering" and "Abstraction" for example (Mukhetjea 2000, p. 2). The filtering 
technique benefits from the use of a search engine where users could retrieve 
information of their interest, and these results are then integrated with visualisation 
techniques· in order to enable users to effectively browse the results. The abstraction 
technique benefits from information retrieval clustering techniques where information 
describing the same subject are classified and then combined with a visualisation 
technique for browsing (Mukhetjea 2000, p. 2). 
The 'Harmony browser' is an example of an information system that uses the 
'Focus+Context' approach. In this system there are collections browser, local map, 
and text viewer (see Figure 4.20). The collections browser includes a hierarchical 
structure ofthe system's hyperspace and users can choose the required location or can 
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perform a search where results would be also displayed in the collections browser. 
The text viewer shows the content behind link(s) that have been accessed in the 
collection browser. Furthermore, when a link is accessed from a document within the 
text viewer a feedback of the location is shown in the collections browser. This gives 
continuous feedback to users about the location and the context of the document being 
viewed. The local map in the 'Harmony browser' visualises the document being 
viewed and its incoming and outgoing links using a graphical algorithm (Andrews 
1998, pp. 40-41). 
Not a bug, but mis,n9 Information In th.INSTALLATlON 
file of version 0.9: 
• How to configure VRwava as !le/por application 
for your webbrowsar 
Insert the foDowing fines into file -I . mailcap: 
Figure 4.20 Components of the Harmony browser (Andrews 1998, p. 40) 
Figure 4.20 shows the three components of the 'Harmony browser' with a link being 
selected within the collections browser and shows the path and the context of this 
link. The content behind the link being selected is viewed in the text viewer. Also a 
graphical representation ofthe document being viewed and its incoming and outgoing 
links is shown in the local map component. 
Techniques of site maps visualisation have been implemented in several hypermedia 
systems, and seemed to be promising techniques. However, there have been no 
extensive studies that reveal the usefulness of using these techniques (Mukherjea 
2000, p. 3). 
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Using the techniques of site map simplification and visualisation could be useful to 
the design of a future personalised system. Nonetheless, further investigation would 
be needed in order to ascertain the appropriateness of adopting such techniques for the 
MS domain. Since the hyperspace of the prototype system is relatively small it was 
felt that placing all links at the top of each page could be useful to users. Adding these 
links t? the current design of the prototype system would not need any change to the 
structure of the XML document. Accomplishing this would need some modifications 
to the XSLT file that is responsible for extracting the information to include 
references to all ofthe chunks locations. 
4.5.4. Suitability ofthe inferences 
4.5.4.1. The assigned level of information complexity based on symptoms 
It was clear that there were variations in users' responses regarding this 
personalisation feature. Positive feedback from users who were happy with the basic 
level assigned to them, signifies that the prototype system should employ the basic 
level as its default level of information complexity. This is because it was clear from 
the users' responses that they were more comfortable with concise/short information. 
Responses of users who were unhappy with the subject type of information presented 
on the other levels of information, indicates once more the importance of including 
the 'list of symptoms' option in the prototype system (discussed in Section 4.5.1). 
Finally, the comments of the HCr expert suggested that users should be able to choose 
their preferred level of information complexity; this should be accompanied with clear 
explanations about what those options and their consequences were. 
Generally, users seemed to prefer the system to default to the basic level of 
information complexity and then be able to choose the other levels as they wanted to. 
However, this would require users to put in extra effort when setting up these options. 
However, indications are that they seem happy to do this on the condition that this 
does not complicate the registration process. 
Therefore, users were highly likely to reject the idea of a personalised system that 
assign them to a particular information complexity. In most cases, users would like to 
set this themselves. This shows the importance of including more controlled 
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personalised choices and lends weight to the concept of personalisation in general in 
fulfilling the different users' needs. 
4.5.4.2. Overriding the assigned level of information complexity 
It was suggested (by the MS domain expert) that in MS there was an a element ofloss 
of control over the body - e.g. difficulties in moving hands/legs and sometimes 
complete loss of mobility. This loss of control resulted in people having a strong 
desire for being in full control over as many situations as possible, including the 
information being presented to them. The desire for being in control seems to be 
fundamental in the MS domain, and it possibly affects all of the themes presented 
within the course of this chapter. This desire strongly manifested itself with regards to 
overriding the assigned level of information complexity. This is supported by a study 
that showed a correlation between psychological factors and fatigue. It was found that 
people with MS who were able to "choose or create environments suitable to their 
psychic or physical conditions reported less global fatigue and less fatigue-related 
distress" (Schwartz, Coulthard-Morris & Zeng 1996, p. 168). Mitchell et al. (2005, p. 
558) have reviewed a number of heath-related quality of life (HRQoL) measures 
which they say clinicians should use when they are choosing appropriate therapies 
for MS sufferers. They also suggested that people with MS have a strong desire to 
maintain a degree of control and decision making over their conditions. For instance, 
people with MS have been known to refuse the help of a carer that they could have 
even when they know they need it, because they consider these situations as being 
intrusive and a threat to their dignity. Therefore, they wish to retain control and some 
degree of autonomy by making some of the choices themselves. 
The ability to control. the level of information complexity was certainly a popular 
personalisation feature. Users felt that they were not restricted to one type of 
information comlllexity, and they were able to choose their preferred levels of 
complexity if they were not happy with the level assigned to them. However, the 
provision of this personalisation feature would need to be accompanied with 
descriptions of its consequence so that users could accurately make choices. The need 
for including these additional descriptions again indicates the importance of including 
the elements of transparency and predictability of a personalised system to users 
(discussed in Section 4.5.2). 
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While it was suggested that users should be able to select the level of information 
complexity during the registration process, this does not reduce the significance of 
having this option within the design of the prototype system. This has two advantages; 
on the one hand, it gave MS users the sense of being in control, and on the other hand 
users would still need an easy way to override even their own choices at any time. For 
instance, if users select a basic level of information complexity they would be likely 
to change their own selection as they get used to the basic information. Therefore, 
they may prefer to default their profiles to another level of information complexity, 
e.g. intermediate or detailed, for subsequent access. 
4.5.4.3. The assigned layout based on symptoms 
It was found that users felt positive over the presentational aspects of the 
personalisation of HTML pages. The white background colour, and large font size 
were liked by most users. This gave an indication that it was relatively successful (in 
some cases) to provide users with presentational aspects based on their symptoms. 
Although it was true that the background colour and large font size provided a good 
contrast for the written text, this layout did not cater for all of the users needs. There 
were some occasions where users needed to change to yellow instead of the white 
background colour. Therefore, users should be able to select their preferred 
presentational aspects of font size and background colour during the creation of their 
profiles (i.e. during the registration) and be allowed to override these values 
subsequently upon need. 
Users' biggest discomfort was with the font type; the serifs in 'Times New Roman' 
disturbed the vision of most of the users and they felt this was hard to read. Kyrnin 
(2004) and Liebel (2006) compared sans-serif versus serif fonts. They suggested that 
serif fonts are better suited for printing, and therefore they are easier to read in a 
printed format, as they allow users to see the text more clearly. However, Kyrnin 
(2004) and Liebel (2006) suggested that serif fonts are less suited for reading on the 
screen, because of the low resolution of the computer's monitors. This results in 
unclear rendering of text on the screen which is consequently much harder to read. 
Therefore, they recommend the use of sans-serif fonts such as 'Arial', 'Geneva' and 
'Helvetica', as letters using these font types are more clearly rendered in low 
resolution conditions. 
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It is likely that using sans-serif font type such as 'Arial' could solve this problem -
this is partially true as was revealed from the users' feedback. Surprisingly one user 
specifically preferred 'Times New Roman' to 'AriaI'. This clearly indicated that 
people with MS need the ability to control further presentational aspects of a 
personalised system such as the font type. Therefore, it was decided to change the 
default font into 'Arial' and to enable users to easily change this option. 
Introducing new personalisation options leads to the question of how to provide users 
with these options without causing them confusion or information overload. 
While there was a need for the inclusion of more options/choices in order to make the 
pages more readable/accessible, users responses gave an insight into the possible 
layout values that a future personalised system could default to (of course with users 
being able to override them) - i.e. '16pt' for the font size, 'White' for the background 
colour and 'AriaI' for the font type. 
4.5.4.4. Overriding the assigned layout values 
During the evaluation some users with MS needed to change the layout values -
particularly the background colour - based on their condition. Even users who felt 
satisfied with the suggested layout were very likely at some point to change the layout 
due to the fact that the conditions/symptoms of MS are not stable. Therefore, users 
will probably need to change the layout in order to better suit their new situations. Of 
even greater importance, users would still need to override the layout values even if 
they had the opportunity to select their preferred layout values during the creation of 
their profiles (as discussed in above Section 4.5.4.3) due to the nature of MS (i.e., 
symptoms/conditions keep changing over time). 
Although most users were able to setup/modify the options from the personalisation 
page, it was noticed that users were more comfortable with setting up/modifying 
options that included fewer values; for example, they were more comfortable with 
modifying the level of information complexity (as it included basic, intermediate and 
detailed) than modifying the font size (from 12 to 28). Furthermore, users felt more at 
ease with modifying the level of information complexity perhaps because of the more 
user-friendly representation of this option - i.e. users found it easier to recognise 
values such as 'basic', 'intermediate' and 'detailed' in comparison with the values 
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'12', '13', '14', etc. Therefore, personalisation options should be accomplished in a 
way that ensures choices and an appropriate representation of values per option. 
Keeping options at minimum is a guideline generally used to ensure the usability of 
websites' forms and particularly drop-down lists. The more options that are included 
within the form, the less usable it becomes. It is advisable that users are able to see all 
the of the options in one glance, otherwise they need to put extra effort and scrolling 
up/down to make a selection (Nielsen, 2000; Miller & Jarrett 2001). It is also 
recommended to use option names that can be easily read and distinguished by users 
(Miller & Jarrett 2001). 
However, this raises the question of what are the most appropriate representations of 
the personalisation options to give to users? 
4.5.5. Using different levels of information complexity 
The idea of providing information at progressive levels of complexity was much liked 
rather than being assigned to a particular level based on symptoms (Section 4.4.4.1). 
There were possibly two reasons for this preference. One reason was that such 
provision of information empowered users to find the level of information that they 
could cope with. For example, some users may prefer to start with the intermediate 
level of information complexity, because they already know all the basics. The second 
reason was that users felt that their access to the levels was not restricted even if they 
were assigned to a particular level, because they could explore them at any time - i.e. 
by using the 'Information level' links or by overriding their assigned level of 
complexity in their profiles (as discussed in Section 4.4.4.2). 
However, there was an argument about the appropriateness of the headings and link 
names that were used for this feature. Some users suggested that the current heading 
and link names could affect the clarity of the conveyed functionality particularly for 
less frequent users. Unfortunately, evaluators were not able to come with more 
appropriate wording for the current heading and link names. 
In practice, it would not be an easy task to author content - about MS - and classify it 
into three levels of complexity. Authoring content in different levels would need an 
extensive knowledge of MS in order to ensure the consistency, and the 
appropriateness of the produced materials. This also needs a good command of 
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English. Although the employed content in the prototype system was produced by 
consulting published materials in the MS domain, it clearly lacked consistency (but 
still provided valid information about MS). In order to produce more appropriate and 
consistent levels of content (and probably appropriate heading and links names), 
collaboration with individuals with extensive MS expertise and good writing skills is 
needed. However, the cost of this approach would need careful consideration. 
4.5.5.1. Presentation oftextJimages at each level of information complexity 
It was found that presentation oftextlimages was appropriate with regard to each level 
of information complexity. Users specifically expressed a preference for having short 
text (as presented in the basic level), because this did not cause them any cognitive 
overload, and enabled them to easily read and comprehend information from the 
screen. Similar results were found in a research done by Hudson, Weakley & 
Firminger (2005). They tested the design of a Website that provided users, who 
experienced cognitive and learning disabilities, with long and short content. Users 
were more attracted to the short rather than the long versions ofthe content. 
Although the other text presentations (as presented in the intermediate and detailed 
levels) were necessary for users, as they provided in-depth information about MS, it 
was noticed that users did not like reading long text on screen. This was very apparent 
when users viewed the detailed pages. Therefore, providing detailed information with 
an appropriate presentation - e.g. using shorter paragraphs and other media types such 
as images - could make it more attractive for users with MS. However, in situations 
where users might be more text-oriented, this way of presenting information would be 
less successful. Therefore, personalising text inclusion would be useful in this case. 
This could be accomplished by asking users during the registration about their 
preferred reading orientation. In the case of users who are more text-oriented, the 
system could provide them with, for examples, more textual and less pictorial 
information. Implementing this require authoring additional content and tagging it 
with appropriate attributes to enable extraction in accordance with the user 
preferences. 
As far as image presentation was concerned, users liked the presence of images, 
particularly at full size. It was apparent that the pictures conveyed the meaning to 
users without requiring much effort. This was a key element behind the strong 
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preference for images. This complements the W3C suggestion to include images in 
order to make pages more comprehensible (W3C, 1999). However, it was found that 
some users preferred the idea of textual links leading to images. This could be a 
situation where personalisation may help. The different style of images presentation 
could be handled by enabling users to select their preferred style during the 
registration process. This could be achieved using a CSS file (Cascading Style Sheet) 
that controls the presentation style of images in accordance with the user preference. 
4.5.5.2. Ability to showlhide content 
Users experienced positive feeling towards the ability to showlhide content. This 
could be due to several reasons. The first being that instant control over the 
information gave users a different experience of being in control in comparison with 
the other personalisation options. In other words, users did not have to configure/setup 
values in order to showlhide content. Another reason could be that it reduced the 
page's complexity when hiding the undesired/irrelevant content. Of even greater 
importance, was that the consequence of this personalisation technique was very 
apparent to users - i.e. they did not need to spend much effort and time in order to 
figure out what the effects/results were. A similar approach of presenting content was 
recommended by Hudson et a!. (2005). They suggested that users should be given the 
opportunity to control the content, and that one way to achieve this was by presenting 
the content as expandable bullet points allowing users to expand/collapse the 
information when they needed to. 
This implies that simplicity is a key element that affects MS users acceptance of 
personalisation. Therefore, simplicity should be considered when designing a 
personalisation system so that users could use such a system more easily and 
effectively. Simplicity in this context means the use of clear and understandable 
personalisation features/functionalities. 
4.5.5.3. Using other media types including videos and audios 
It was evident from the discussion in Section 4.5.5.1 that using pictorial 
representation of information (i.e. images) would convey 'meaning' more easily than 
using purely text-based information. In this context, some suggestions were made 
proposing that the use of video files would help people with MS to access the required 
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information more easily. This was particularly true for people with fatigue problems, 
as they would be less likely to be able to read a lot of text when feeling severely 
fatigued. 
Using videos may help people with MS to access information. In most cases watching 
a video file on an HTML page requires users only to click the video link in order to 
activate/play the video file. This certainly would be effortless compared to the effort 
needed when scrolling up/down while reading long text. Using videos could not only 
help people with fatigue problems, but also it would help people with mobility 
problems - e.g. individuals experiencing difficulties in moving their hands. 
Of even greater importance, videos can be more accessible in comparison with textual 
information for people with cognitive disabilities (people with MS may experience 
cognitive problems such as defects in memory, attention, word finding or 
concentration (Multiple Sclerosis International Federation, 2006)). Videos can 
communicate a richer content including emotion and atmosphere as weB as, of course, 
visual information. It is can therefore be easier for users with cognitive disabilities to 
watch video rather than trying to comprehend the written text. Furthermore, people 
with visual impairments who use assistive technology such as screen readers, they 
could benefit from lisiening to the audio included with the video content instead of 
listening to synthesised speech output of text. It should be noted however that using 
such media types would probably work more effectively if it is used as an 
enhancement to the textual information and not as a replacement to it (Skills For 
Access, [n.d. D. 
While analysing the benefits of videos was beyond the scope of this research work, it 
indicated that personalised systems that locate appropriate video clips and give users 
the chance to view them alongside textual material maybe beneficial. 
Other users' suggestions were concerned with using audio, and particularly speech 
assistive technology. It was noticed that most users with MS, who were experiencing 
complete loss of mobility, did benefit from using speech assistive technology on their 
computers. The use of audio/speech assistive technology is not necessarily a 
personalisation feature. However, incorporating such technology within the design 
would help particularly those with complete loss of mobility. 
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Generally, the inclusion of the these media types should be made easily configurable 
by users. It is likely some users would not need to see videos, because the webpage 
would appear complicated - i.e. filled with text, images and videos. Therefore, users 
should be able to control this by allowing them to switch onloffthe inclusion of video 
files during registration. On the other hand, users should also be given the ability to 
override this inclusion if required. Furthermore, not only could the inclusion of video 
files be personalised by users, but also these videos could be personalised according 
to their content - basic, intermediate and detailed, and therefore users would be able 
to choose which type they want to see. However, since videos, for example, are not 
textual in nature, classifying them into three levels of information complexity would 
require descriptive information - i.e. metadata such as 'Dublin Core Metadata 
Element Set' (see Chapter 6, Section 6.4) - and this would need to be developed 
specifically for this purpose. 
4.5.6. Suggesting links based on knowledge (appropriate links) 
Using the appropriate links in the prototype system was deemed less successful for 
two reasons. First, the 'Appropriate links' heading and the anchor text of these links 
(e.g. 'symptoms in general') were unclear (see Figure 4.8). This caused confusion 
about their functionality. Second, users perceived these links in many different ways. 
For example, some users always perceived links within a website as links to external 
websites and feared being lost by following them. 
Surprisingly, users continued in their reluctance to follow appropriate links even after 
they were provided - by the author - with explanations about how this feature works. 
The reason for this was probably because users in such a situation feel that control is 
being taken away from them, and they have to follow the system's suggestions rather 
than their own choices. Disabling users from being in control over the system's 
actions is one of the main criticisms that faces adaptive/personalised systems 
(Tsandilas and Schraefel 2004, p.7). 
It is apparent that the sense of being in control is a fundamental and significant 
element to people with MS (as discussed e.g. in Section 4.5.4.2). Therefore, the idea 
of adopting a purely personalised/adaptive system for the MS community would be 
likely to be rejected, since it would take the control away from users and disable them 
from taking an active role - i.e. the opportunity to engage with and learn about the 
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system's behaviour. Therefore, developers need to take this issue (i.e. control) into 
consideration when developing personalised systems for the MS community. 
4.5.7. Users' thoughts about additional personalisation features 
In order to identify further useful personalisation features, it was decided to ascertain 
users' thoughts/opinions towards particular themes including providing personalised 
information based on age, gender and the role of the user. These themes are discussed 
in Sections 4.5.7.1, 4.5.7.2, and 4.5.7.3 
4.5.7.1. Providing personalised information based on age 
Users felt negative about this feature, because they believed that providing 
personalised information related to age was not needed. There were several possible 
reasons for their negative feelings. First, all users were in the age of 40 to 60 years 
old; therefore, they could not comprehend the different needs for people aged, for 
example, 20 to 25 years old. Second, there was an implicit worry that adding new 
personalisation features would complicate the prototype system leading to users 
confusion when configuring/setting many personalisation features. Finally, users 
could not identify the benefit of using 'information based on age', probably because it 
was hard for them to visualise this feature due to the absence of this feature in the 
prototype system. 
In contrast to the MS users, the MS expert's comments suggested that providing 
alternative formats for information based on age would be a good idea. This 
reinforces the importance of the cooperation with experts from the MS domain when 
designing such a personalised system (see Sections 4.5.5 and 4.5.5.1). 
It can be inferred that taking age into account to provide personalised information 
could be beneficial. Content and presentation could be personalised in different ways. 
The provision of personalised information based on age would need the creation of 
additional content that is tagged with age-related attributes. This would enable the 
personalised system to extract related information based on the age group specified by 
users during the registration. 
This led to a question of who should take control of personalisation/adaptation within 
a personalised system - users or the system? It was found that users with MS 
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expressed a strong desire for being in control. However, it would be impractical to let 
users to control/modify every single aspect of a personalised system, because this 
negates the rationale of using a personalised system. The goal of a personlised system 
is to help users to find information tailored to their needs rather than spending their 
time in modifying/setting up personalisation options. However, a future personalised 
system may benefit from the idea of personalising the degree of 'control' of 
personalisation. For example, users who wish to control all the aspects of 
personalisation could set this options to e.g. 'Low'. Therefore, they would be 
responsible for setting up most of the personalisation options. Users who wish to 
acquire help/recommendations from the system, or those who would not mind system 
interventions, could set the control to e.g. 'Medium'. In this case, both users and the 
system would be controlling personalisation. For example, users who already have 
accessed the system could be assisted, by the system, to skip introductory pages on 
subsequent access. When the control is set to e.g. 'High' this means that users would 
be more reliant on the system's recommendations. For instance, the system could 
provide users with a personalised leaming orientation to MS. In this case, users' 
actions could also be monitored (e.g. time spent on reading a page and users' clicks) 
and accordingly a set of links would be suggested. This would resemble the three 
types of personalisation approaches including customisation, rule-based and 
behavioural-based personalisation. 
Once again, explanations about the consequences of setting up a 'control' would need 
to be provided to users, so that they could make accurate decisions about the degree of 
desired control. A similar approach was adopted by Tsandilas and Schraefel (2004, 
pp. 14-15), they used adaptation technique whereby users were able to control the 
adaptation process, and they were able to show/include content that was left out by 
the adaptation process. 
4.5.7.2. Providing personalised information based on gender 
MS affects men in different ways to women which results in different information 
needs. This is particularly true for gender-related symptoms such as sexual 
dysfunction. 
When users were asked about the provision of information based on gender, they felt 
that this feature would be pointless. Possible reasons for this rejection were mentioned 
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in Section 4.5.7.1. Firstly, users were not able to able to appreciate the different needs 
based on gender, because they did not experience the other gender's needs of 
information. Secondly, this rejection was due to the worry of complicating the 
interface. Finally, users were not able to visualise this feature due to the absence of a 
working example that showed its benefits. Moreover, it was noticed that users were 
not fully aware of all possible gender-related symptoms in MS. They were aware only 
about the obvious symptoms such as sexual dysfunction. Therefore, users with MS 
assumed that providing personalised information based on gender did not make a 
difference. 
In contrast, the MS domain expert felt this idea could be useful, because she believed 
that there were many symptoms in MS that could affect men differently than women. 
Once more, this indicates significance of incorporating MS experts during the design 
of a future personalised system (Sections 4.5.5, 4.5.5.1, and 4.5.7.1). Furthermore, if 
younger people had been included in the study, users responses could have been 
different. 
Broadly, the provision of information based on gender could be a useful feature. The 
success of this feature depends to a large extent on ease of its configuration. This 
feature requires authoring of additional content (XML chunks) about gender-related 
symptoms and adding further attributes to this content - e.g. Gender = "Female". 
Including this attribute would enable the prototype system to extract specific chunks 
based on the user's gender, as specified in the users profile. This could be extended to 
the way information was presented - e.g. using male/female language (i.e. he/she and 
male/female characters in imageS/Videos). Furthermore, male users may want to view 
how a particular gender-related symptom is affecting females. Therefore, users should 
be able to browse this symptom from the other gender perspective if they wanted to. 
4.5.7.3. Providing personalised information based on the role of the user 
The future version of this personalised system should adopt a holistic approach for the 
provision of personalised information. Hepworth et al. (2003) suggested that the 
information should be available to all parties that were involved in the MS community 
including the general public and family, service provider and the person with MS (see 
Chapter 1). In this context, it was felt that it would be useful to identify users' 
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thoughts about this concept, because this could be vital to the design of a future 
personalised system. 
Ironically, the MS users feedback on this type of personalisation was negative. There 
were possibly several reasons for users' negative feeling towards the provision of 
personalised information based on the user's role. Firstly, interviewees only 
represented one category - i.e. a person with MS. Therefore, they could not 
experience the viewpoints or differing needs for information. Secondly, the same 
misconception about adding to the complexity of the system and how this may affect 
users' acceptability of this feature was mentioned (see discussion in Sections 4.5.7.1, 
and 4.5.7.2). Thirdly, it was hard for users to visualise this feature and its benefit due 
to the absence of a working example that shows its potential benefit. 
In contrast, the HC! expert perspective was different. She believed that this type of 
information provision would be very useful, but on the condition that users should be 
able to access all the different views if they needed to explore the information from 
the other perspectives. 
Generally, the provision of personalised information based on the user's role could be 
beneficial. Users' categories that constitute the MS community may need to learn 
about MS from different viewpoints. Accomplishing this has the potential of 
establishing good communication between all users and therefore better 
understanding of different users' needs. For instance, if a family member of an MS 
individual learns about MS from a health worker or an MS patient viewpoints, he/she 
may be more able to understand the condition. Therefore, a better understanding of 
the individual's physical or psychological needs is acquired as well as the viewpoint 
of others who may be involved. 
4.5.8. Users' overall thoughts/opinions about personalisation. 
In general, users felt positive about using personalised features within the prototype 
system to acquire information about MS. However, the appreciation of these features 
were varied. Most users liked the ability to change presentational aspects - i.e. the 
font size and the background colour. Less attention were given to the ability to control 
the content in comparison with changing the presentational aspects. However, users 
did appreciate a degree of control in being able to override this feature. 
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4.6. Summary of key findings 
Having discussed and. reflects on the implications of the first implementation, a 
summary of key findings is shown below. 
• First, the strong desire for being in control over the information was 
fundamental in such a situation, where people may lose their physical abilities. 
Hence, it is necessary for a personalised system to fulfil the desire of being in 
control by giving users with MS the ability to override/control the 
personalisation process. This was clear from the discussion in Sections 4.5.4.2 
and 4.5.4.4 where users liked to override the personalisation rules. 
• Second, the provision of content at three different levels of complexity was 
deemed significant. It was discussed in Section 4.5.5 that users liked the 
content to be presented at three levels as this could help them to avoid 
cognitive overload or loss of concentration (during fatigue) caused by the 
overwhelming amount information. However, as discussed in Sections 4.5.5 
and 4.5.5.1, designing a complete personalised system and particularly the 
design of content would definitely need collaboration with individuals with 
extensive MS expertise and excellent writing skills. As the expense of such 
approach are expected to be high, it would be sensible to conduct a cost-
benefit analysis (CBA) in order to compare the costs and benefits of designing 
such a personalised system. A brief discussion of a CBA is outlined in 
Appendix 3. 
• Third, the inclusion of more explanations about the purpose of personalisation 
was very important. MS sufferers and particularly those who are newly 
diagnosed need to have clear explanations about the role of personalisation 
within a personalised system. It is very important, for example, to indicate to 
newly diagnosed sufferers it is unlikely to develop all the symptoms cited in 
the system because it is personalised to them. 
• Finally, it was found that users' misconceptions about personalisation affected 
their acceptance of new personalised features for different reasons (discussed 
earlier in Sections 4.5.7.1, 4.5.7.2 and 4.5.7.3). The inclusion of 
personalisation options that are easy-to-use could help users with MS to 
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overcome the wonies of complicating the user-interface when adding more 
personalised options. 
It could be argued that the worry of adding new personalisation features 
contradicts the discussion in Section 4.5.1 where users welcomed the inclusion of 
more personalisation options. This could be explained by the fact that when users 
were asked to include the 'list of symptoms' feature (so that they could acquire 
information about the desired symptoms), they could visualise it, and 
consequently ascertain its benefit. However, this was not the case when users were 
asked about adding new personalisation options (that most probably they could 
not visualise). This reinforces again the importance of including working 
demonstrations of personalised features, so that users are better able to assess their 
benefits. 
The next chapter (Chapter 5) presents the findings and analysis of the second 
implementation. 
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Chapter 5 
Second Implementation - Findings and Analysis 
5.1. Introduction 
The completion of the first implementation (Chapter 4) was followed by undertaking 
modifications to the prototype system based on those results. Subsequently, and in 
keeping with the iterative nature of the design research methodology (i.e. 
circumscription), a second implementation (i.e. evaluation) was needed. The second 
implementation was undertaken using a focus group and three individual interviews. 
The focus group included ten people with MS at varying stages of their conditions. 
Similarly, the three individual interviews included three people with MS at varying 
stages of the disease. 
Participants from the focus group (from now on referred to simply as evaluator(s» 
were provided with a demonstration of the prototype system. The purpose of this 
demonstration was to show the group how the prototype system could adapt the 
content, and the presentation Of information to MS users experiencing sight/fatigue 
problems. In order to give the audience a clear and easy demonstration, it was 
composed of the following main steps: 
• Creating a user profile by filling-in the registration form. 
• Logging into the prototype. 
• Browsing some of the content. 
• Switching between the levels of information complexity (basic, intermediate 
and detail ed). 
• Changing some of the preferences in the user profile using the 
personalisation/profiling page. 
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• Saving changes and logging out. 
The individual interviews involved interviewing two individuals with MS who had 
previously used the prototype system (from now on referred to as the former users). 
Those interviewees were asked to freely interact with the prototype system as if they 
were new users - i.e. they were asked to create new profiles using the registration 
page of the prototype system (because changes were made to the registration page). 
Subsequently, they were asked to explore and comment on the prototype system 
including things they liked/disliked about the design. They were asked also to 
comment particularly on the personalised functionalities provided bearing in mind the 
new modifications that were carried out. The last user was completely new to the 
prototype system (from now on referred to as the new user). The same method 
employed during the first evaluation, 'Question-Asking' protocol followed by an 
interview, was used with the new user. Involving the former users in the second 
implementation was useful, because they were able to effectively evaluate the 
improvements in the prototype system. Most of the results in the second 
implementation reinforced results from the first implementation. 
5.2. The second prototype 
The second version of the prototype generally remained similar to the first prototype. 
Nonetheless, there were some modifications introduced to the second prototype based 
on the results of the first implementation. Although some of these changes were 
usability related, there were a number of personalisation/adaptation features added. 
During the first implementation, users disliked links being suggested based on their 
level of knowledge and preferred to choose links on their own. Therefore, this led to 
replacement of the 'Appropriate links' with 'Content links' where users would be able 
to choose the links they desire. Figure 5.1 shows content links being placed at the top 
of the page. On the left menu of Figure 5.1 link disabling was introduced to indicate 
the level of information complexity being assigned to the user. Previously, the 
assigned level of complexity was indicated by placing a sentence, for example, 
'Information level: basic'. Link disabling in the second implementation was applied 
based on the assigned level of complexity. For instance, the user in Figure 5.1 was 
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assigned to the basic level of complexity and hence the 'basic' link (under the 
information level heading) was disabled to indicate the current level being viewed. 
Contents links: 
9.~n©HlL§lill!§n§ji9m 11 symptoms 11 emotional symptoms 11 fatigue 
symptoms 11 treatment 11 fatigue treatment 11 pain treatment 11 
General explanations 
What is MS? 
MS is a chronic. i.e. long-term. condition that affects the functioning of 
the central nervous system (the brain and spinal cord). 
Figure 5.1 Content links being added to the prototype system 
Another modification involved adding more explanations to the log-in page and the 
homepage. Users' responses in the first implementation indicated that more 
explanations were required on these pages. Figures 5.2 and 5.3 shows these 
explanations incorporated into the design of the second prototype. Although there 
were other explanations required (e.g. the consequences of selecting/modifying 
personalisation features), these explanations required good writing skills and expertise 
of the MS domain to be effectively integrated into the prototype. It should be 
mentioned that the explanations in Figure 5.3 replaced the information about the user 
profile (see Chapter 4, Figure 4.7). 
Adding videos to the prototype was a modification based on the users' responses 
from the first implementation where they indicted that they liked using videos. 
Figure 5.4 shows a video file opened by clicking on the link 'Play video'. This 
video presentation was short and gave basic information about what MS is, and 
how it occurs. 
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File Edit View Favllrb~ Tools Help 
If you are a new user please use "Register"'ink on the left menu to register. 
If you already a registered user please enter your "username" and 
"password" in the fields below: 
Password: L...................................................; 
Figure 5.2 Explanation added on the log-in page 
Welcome fred, 
This Website is intended to provide general overview about Multiple 
Sclerosis (MS). It provides general informa~on on the nature of MS. 
symptoms and treatments. 
Now you have the following options: 
• Click "Start overview" link on the left menu in order to start the 
general overview about MS. 
• Click "Personalise" link on the above menu in order to change your 
preferences including: background colour, font size, font type and level 
of information. 
• Click "Site map"link on the above menu if you want to explore all the 
links within this Website. 
Figure 5.3 Explanations added on the homepage 
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A possible explanation is that people with MS have a 
rerli<n,n<illion to the disease. The disease may then be 
some external factors. which causes the immune system 
myelin sheath surrounding the nerve fibres. 
Click Pl~y_yj.QeQ link 10 see a short video explaining what MS is. 
Types of MS 
• Relapsing remitting MS: this type shows relapses and 
remissions. It affects around 30-35% of all MS patients . 
• Secondary progressive MS: this type starts off wilh relapses 
and remissions but then a more gradual loss of bodily functions 
starts to take over. It is estimated that about 30% of MS patients 
Figure 5.4 Video presentation being added to the orientation 
(A) (B) 
(C) (D) 
Figure 5.5 A video presentation explaining how MS occurs 
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Figure 5.5 shows screenshots that were taken from the video presentation shown to 
users with MS. Part (A) in the figure, shows the central nervous system which 
consists of the brain and the spinal cord. Part (B), shows an axon (i.e. a nerve fibre) 
that is covered with myelin (coloured in red). The myelin helps to ensure the nerves 
transmit messages to and from the brain quickly and efficiently. Part (C) demonstrates 
a white-blood cell that has attacked the myelin coating the axon. Part (D) shows 
sclerotic tissues trying to replace the destroyed areas on the axon. This results in an 
inefficient transmission of messages causing various symptoms to the MS sufferer 
such as tremor, visual and fatigue problems. 
It was found during the first implementation that some users some could not cope 
with serifed fonts and preferred to have text displayed in a sans-serif font. Therefore, 
in the second prototype, the font was defaulted to sans-serif (see to Figure 5.\). 
However, on the rare occasions where users need to change the font type they should 
be given an opportunity to do so. In the second prototype, this was achieved by 
adding this option to the personalisation form (see Figure 5.6). 
Filii Edit View' Fav0rite5 Tools H~p 
() '"' • .. @ .~ (.l .p S •• "h . -tJ'~ .. , (fJ i?,l •. i:J rl··'~ 
lIddre~~-;4'i;;P';(;';~';~OOI,ocoonJeditfarm~~~~~aIllr-l'J&Wo_tYPS-t~~;~f;~';;~;';;b~~~~~~=~~;;;;~·i'7&i~~t;:~·~!\ ~ Gl - Un~$" I> 
Change background colour: I;;';Fii~,±! 
r1'9'''''~ Change font size: L ........... l1f~ 
Change font type: i~a .. ~~~~."'.~i~:==:Eil 
Change level of information:[~~~i~==]i 
I Changej I Back I 
Figure 5.6 Adding 'change font type' option in the personalisation form 
180 
A, 
Chapter 5 Second Implementation 
5.3. Users' response to the second prototype 
Undertaking these modifications in the second prototype was followed by another 
'Evaluation' phase of the design research methodology. Sections 5.3.1 to 5.3.8 present 
the dominant themes derived from the users responses as they interacted with the 
prototype system. Sections 5.4.1 to 5.4.8 fully discuss the implications of these 
findings. 
5.3.1. User profiling 
Immediately after finishing the demonstration to the evaluators from the focus group, 
one evaluator expected the prototype system to provide content about the symptoms 
that were selected in the registration page. 
"When you clicked on sight in the registration page, I wonder why that 
information is not all about sight? I thought it is going to be adapted, or take you 
to something about sight problems. " 
The new user was also asked also about the usefulness of providing users with a list of 
symptoms, so that they only get information on those symptoms. The new user felt 
that such a personalisation feature could be useful. He suggested that it would be 
more appropriate for users to start reading information at a general level then they 
could delve into more specific information as they progress: 
"Because MS does affect people primarily in different ways, I think that could be 
useful. But I still think that there is a place for the general and the basic stuff, but 
when you start getting into detail it would be nice to be able to home in on the 
specific areas such as: fatigue, vision or whatever sort of thing - Yes that would 
be useful at this point . .. 
The feedback of evaluators and the new user reinforced the finding from the first 
implementation (Section 4.4.1) where users welcomed the inclusion of more 
personalisation options such as the 'list of symptoms' feature. 
Furthermore, one evaluator thought that it would require users to register again if 
users' conditions (i.e. symptoms) changed over time in order to access the relevant 
information within the prototype system. 
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"Say you want to register because you got sight problems, few weeks later you 
got problem with fatigue then do you have to register again to get into this 
website? Reafly you should be able to register once to get into the whole site 
rather being registeringfor a different symptom. " 
One of the former users felt confused over selection of the symptoms being 
experienced - the purpose and the consequences of that choice were not apparent. 
Therefore, she suggested adding more explanations to this option that described its 
purpose: 
"Now I am confused with what I have to do, because I have entered my 
username, I have put my password, and now it says: 'do you experience any of 
these problems' - is this part of the registration process?" 
"When you register, normally you just register, but obviously here you are 
asking particular questions. It is probably better to say something simple like: 'to 
tailor this for your particular needs can you answer these questions?' because 
otherwise people would say what does this mean!" 
It was clear that there was misunderstanding of the purpose of the profiling process; 
Users did not know why this information was collected and how the prototype was 
going to respond accordingly. Therefore, it was deemed important to include 
additional explanations to show the purpose of users' profiling (i.e. why information 
is being collected about users during the registration) and how the system would 
respond accordingly. 
5.3.2. The assigned level of information complexity based on symptoms 
During the demonstration evaluators asked (the researcher) to select the 'sight' 
symptom during the registration. Evaluators wanted to see how the prototype system 
would respond to this symptom. After evaluators saw how the prototype system made 
the adaptations, they were asked about the suitability of the assigned level of the 
information complexity to a person with sight problems. The evaluators responses 
were varied. Some evaluators expressed a desire to be able to choose another level of 
information complexity that was different from the assigned one. One evaluator said: 
"There might be a time when I got a problem with my sight and I want the font 
as large as possible, but I also want the detailed information as well. When you 
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first register it is either fatigue or sight, and you are assuming if my sight is bad I 
only want the basic information; my sight might be bad but I still want to look at 
the detailed information H. 
It was not clear to this particular evaluator that the choice to override the level of 
information complexity was available. However other evaluators appreciated the 
ability to override this either by showing the other levels of complexity directly using 
the 'Information levels' links, or by changing the 'Level of information' option within 
the preferences page. One evaluator said: 
"But you have got the choice [to change it to detailed}. " 
The new user from the individual 'interview felt positive over the assigned level of 
information complexity which was the basic level. In addition, he appreciated the 
opportunity to override the prototype system rules/suggestions for the information 
level in the personalisation page. The new user said: 
"I think that [the content} is quite good, it is very clear. As an initial sort of 
thing, it seems to categorise everything well, it seems to cover everything that I 
am familiar with. I would say that is generally good. I like the graphic - the 
illustration, I think pictures always help. " 
He also said, with regards to overriding the assigned level of complexity: 
"I think it is nice [to be able to change the information level}. [You can change 
the basic level} if that is not what you want every time, and yet you still have the 
option of changing it whenever you want. " 
This indicates that the ability to override the assigned level of complexity is important 
to fulfil the users' needs. 
Furthermore, evaluators were asked about the most appropriate level of information 
that they could cope with especially during times of fatigue. Evaluators preferred the 
basic level. They felt that they would not be able to cope with reading long text 
particularly during times of fatigue. 
"We just want the basic to start with and then when you get better you can 
expand on that. " 
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"Because if we are tired, we do not want to read too much information. " 
"Your concentration just goes after so long if there is too much of the same thing 
{i.e. text}. " 
"You feel very tired when you have a lot of reading. " 
This reinforces the finding from the first implementation (Section 4.4.4.1) that the 
prototype system would look simpler to users if it defaulted to the basic level of 
information. 
5.3.3. The assigned layout based on symptoms 
Based on the selected symptom (i.e. sight) during the demonstration, the prototype 
system chose particular presentational aspects - i.e. a point of 19 point font size and a 
white background colour. In addition, evaluators were shown how the assigned layout 
could be overridden in the preferences page. Afterwards, evaluators were asked about 
the appropriateness of the assigned layout for a person with MS experiencing a sight 
problem. Evaluators, felt positive over the prototype system's recommendations in 
terms of the font size and background colour. However, there was one evaluator who 
found a yellow background colour much easier when reading. 
"I found the yellow background colour is a lot easier for me; is that just for me 
or is there anybody else? I could read it with the yellow, but I could not read that 
at all {with white background colour}. " 
"Ifind that better! {the white background colour}. " 
Evaluators' feedback on which background colour was easier to read indicates that it 
is very important to MS users to be able to personalise the layout particularly the 
background colour during the registration. This reinforces the finding (in Section 
4.4.4.3) from the first implementation. 
The new user felt positive over the assigned layout, he said: 
"I always choose fonts without serifs, and that size is about ideal for me; I find a 
good balance between getting enough of it on the screen and getting it a big 
enough to read. A/so, I think the contrast of a good dark typiface and light 
background is a good contrast. I am personally quite happy with that. " 
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This indicates that changing to sans-serif (i.e. 'Arial') as the default font style was 
successful. 
Other evaluators felt positive over the current assigned layout, and appreciated the 
ability to override the prototype system's rules/suggestions. 
"But at least you can adapt it, can't you. " 
"That is alright for me, and there again if you have the chance to personalise it 
and change it to something like the yellow, you can have the yellow. " 
"Yes, that is right. " 
The new user appreciated the ability to override these rules. The new user also liked 
the limited number of values for the given options in the preferences page, because he 
thought that giving such limited number of choices made the design of the prototype 
system more user-friendly. 
"It was nice that there was a choice without there being endless choice, and I 
suppose it is probably always satisfying to be able to personalise something in 
gratifYing way - if you know what I mean - because it makes [the website} more 
user-friendly in some respects, and that is a good practical thing to be able to 
choose a different type face and certainly type size when people have problems 
with vision. " 
It seemed that users' acceptance of some aspects of the system's recommendation 
depends on whether users appreciate the chance to override/control those 
recommendations. This reinforces findings from the first implementation where the 
sense of being in control is fundamental to people with MS. 
5.3.4. Using different levels ofinformation complexity 
While demonstrating the prototype system to evaluators, they were presented with 
three levels of information complexity - i.e. basic, intermediate and detailed. They 
were then asked how useful it was for them to view information in the three levels of 
complexity. Evaluators felt very positive about this presentation of information. 
Furthermore, they expressed a desire to start with the basic level of information and 
then to explore more details as they progressed. 
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"Oh yes [it is useful to have the information in three levels}. " 
"If you are going too deep to start with it goes over your head and you don't take 
anything in, and here it is useful that you feed it in at different levels. " 
"That is a progressive thing; start with basic [and then view intermediate and 
detailed}. [For instance, if you have a sight problem} you will say 'why have I 
got a sight problem with MS? Why does MS cause my sight problem?' It is like a 
progressive thing isn't it. You follow like a sort of basic mode then why] got it, 
and why is it causing this then you want to delve into more of it don't you? So, 
progressively you want to get more and more details as you progress. " 
In the same way, the new user thought that having different levels of information 
complexity was a good idea. He preferred to start with the basic information, 
particularly for the newly diagnosed users with MS, and then gradually delving into 
the other levels as the user progressed to seeking more information. 
"I think the idea of different levels is a good idea, and I certainly think with MS. I 
am thinking back when I was told] had MS and I didn't know what it was! This 
basic level with pictures is something I would be able to look at once, store, and 
then when I wanted to know more it would be something to build on. Whereas to 
get perhaps the intermediate level or certainly the detailed level from scratch, 
would be too much. " 
This reinforces the finding from the first implementation (Section 4.4.5) where users 
liked to be presented with progressive levels of information rather than being assigned 
by the system to a particular level based on their symptoms. 
5.3.5. Using other media types such as videos and audios 
A video presentation, giving a brief introduction about MS, was played during the 
demonstration of the prototype system. Evaluators were asked about the suitability of 
using such media types within the prototype system. Evaluators very much liked the 
video presentation, and mentioned that having such media types would be much 
easier for comprehension than reading long text. 
"] like the video, ] am lazy! I do not want to read pages and pages of stuff, If 
somebody can show me a video, it is a lot easier. " 
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"It is showing you what it is telling you, so it is easy. " 
"It is nice to see what the words are saying. You understand the meaning of the 
words if the pictures are there showing you. " 
The new users felt very positive over the video presentation too; he believed that 
seeing such a video during the early stage of his diagnosis would have explained what 
MS was in a very simple way without requiring him to dig into the information using 
different resources - e.g., books. He said: 
"Yes, I like that. If I had just been told I had MS, that video would have helped 
me in many ways. Perhaps it is slightly shocking when it is personal thing 
thinking 'Oh! 17tat is happening to me', but then you get over it shall we say. But 
if I could have been shown something like that within a day or two of diagnosis 
that would have said it 011- I like the idea of that. My MS has been diagnosed for 
18 years now, but at that time I didn't know what it was so I had to go away and 
find books. I was going to libraries reading all kind of things and having to piece 
it together myself My neurologist hadn't really ever told me what it was. I think 
access to something like that in a way in your own time and your own 
surroundings even is of great benefit really. " 
Similarly, the former users felt very positive over the video presentation. One of them 
commented that providing such media types would enable users to get the information 
without spending much effort particularly if users were fatigued or experiencing 
visual problems. Comparing that to reading the text, he said: 
"I much prefer to see videos like that rather than reading loads of stuff. I think a 
picture worth thousands of words and videos are even better, and when they are 
talking to me it saves [the effort for reading long text]. You know I am thinking 
about fatigue in there and sight. It is much easier for me relax and have 
somebody talking to me rather than having to scroll down through and read 
loads of stuff. " 
The other former users said: 
"it is good to have there; it is a good idea to have something like that. " 
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Users' responses were positive for having videos included within the design of the 
prototype system. This indicates that this modification in the prototype (Le. the 
inclusion of videos) was successful. 
Moreover, some evaluators expressed a preference for using speech assistive 
technology, whereby the text can be read out to users. They felt that using such 
technology would assist users, particularly those experiencing sight problems, to 
easily comprehend the written text. 
"In the modern technology, can you have it so that the script can be read it out to 
me? Because if I got a sight problem that would be ideal for me, it is much 
easier. " 
"Once it is reading it to you then you can read it can't you. " 
This reinforces the users' suggestion from the first implementation (Section 4.4.5.3) 
for integrating speech assistive technology within the design. 
5.3.6. Users thoughts/opinions about personalisation 
After discussing various aspects with evaluators about the prototype system, they 
were asked for their thoughts/opinions about personalisation. Particularly, they were 
asked how comfortable they were with providing personal information such as names 
addresses and MS-related information including mobility, state of condition and year 
of diagnosis. Some evaluators refused to provide their personal information, and even 
felt worried when they were required to register within a Website: 
"I always get wary when I go online where it says 'register here' - why should I 
register? If I am registering it means that somebody back there wants some 
information from me. " 
"I don't want that. I don't want to give them my real name or address. " 
Furthermore, one evaluator felt unhappy about providing personal information on the 
Web, because she believed that doing this would disclose her information for 
everybody. This evaluator felt more happy to talk within a small group of people that 
she already knew: 
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"Because I do not want everybody knowing every detail about me. I mean, I am 
happy to talk to people here about everything I have got, but I don't want it 
spread all over the place. " 
It was clear that evaluators did not appreciate the purpose of the registration process. 
This may be because there were no such explanations integrated into the prototype 
system that explained this. Therefore, this reinforces the finding in Section 0 that 
showed the importance of including these explanations, particularly about the purpose 
of collecting information during the registration. 
However, the author explained to evaluators that providing such information, 
particularly MS-related information, was necessary for the personalised system to 
carry out the personalisation/adaptation as seen during the demonstration. After this, 
evaluators seemed willing to provide the information required within the registration 
page such as usemame, password and problems/symptoms being experienced. In 
other words, evaluators felt happy to provide the information as long as they could not 
be identified/located in person. 
"Yes, that is OK [to provide username, password, and symptoms being 
experienced}. " 
"Yes, because nobody knows who you are if they have not got your name, your 
address or your telephone. I think anybody is prepared to give any details as 
long as you do not have to tell them who you are - you cannot be located!" 
"On sites that where you did give that level of information [e.g. real name or 
address] you should get the choice to keep anonymous. That information is kept 
within the site and nobody else can view it. " 
In contrast, the new user did not mind disclosing personal information such as real 
names, address, time since diagnosis, etc. He said: 
"I think I am OKfor all those things. I don't have any problem at all. " 
This indicates that users should be able to choose if they wish to provide information 
about themselves and also the degree of this information disclosure (e.g. willing to 
provide personal information or prefer being anonymous). Therefore, personalising 
the degree of information disclosure could fulfil the different users' needs. 
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In addition, evaluators were asked whether some of the personalisation features, as 
they were presented during the demonstration, would be perceived as patronising to 
users (i.e. the fact that a person with sight/fatigue problems was assigned to an 
intermediatelbasic level of information complexity). There was a general feeling 
among evaluators that this could be perceived as patronising. 
"In a way, yes {I would perceive that as patronising]. " 
"I might have a sight problem and I might be quite intelligent, so I want all the 
information I can get. " 
However, one evaluator did not feel patronised, because she appreciated the ability to 
override the prototype system rules using the personalisation page; she said: 
"But we have said that if we got the choice to adapt it as we want. " 
The new user described assigning users to a particular content/layout as acceptable. 
He thought that the aim of it was to help/guide users within the prototype system. 
"Patronising could be a word that you used, but then it is {like} that the creator 
of it is wanting to lead the users through. So, it would be a reasonable 
patronising - I think it was acceptable. " 
Generally, it seemed that if evaluators had the chance to know why they have been 
assigned to particular level of information and appreciate the opportunity to override 
this, they may accept the prototype suggestions. Once more, this reinforces the 
importance of including explanations so that users would know what to expect and 
why they were being assigned to a particular level of information. 
5.3.7. Other ways of presenting personalisation features 
During the focus group interview, some evaluators suggested other ways for 
providing personalised features within the prototype system. One evaluator suggested 
having the information on a general level with highlighted words whereby users could 
click them on in order to delve into more detailed information. 
This technique depends on replacing the content of the destination page within the 
current page when accessing a link rather than transferring the user into another page. 
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This technique has been a part of many hypertext systems such as Guide for a number 
of years (History ofthe Web, 2002). 
One evaluator stated: 
"If I see this piece of paper and there is something there that I particularly want 
to go to, I like to be able to click on it and get more information from there. I 
don't think there is many times on with what you have got at the moment where is 
that opportunity. But then as you say, if there is something about the eye sight -
yes that is something that I want to find out about - click on the eye sight and 
then it will automatically bring a lot more detail. I like being able to do that as 
well. Say you read initially general stuff, but there are lots of words that I can 
highlight, and I want to go into more details about those. " 
Presenting information in this way reinforces the suggestion made by the MS expert 
from the first implementation (Section 4.4.8). This supports the finding from the first 
implementation (Section 4.4.5.2) where users strongly desired to be in a direct control 
over the detail of information. It worth noting that this way is similar to the technique 
used within the prototype system of showinglhiding content (see Chapter 4, Figures 
4.13 and 4.14). 
Another evaluator suggested taking the control away from the prototype system, and 
letting users be able to setup/control all of the personalisation/adaptation aspects. 
Furthermore, this evaluator suggested that the personalisation options provided within 
the prototype system should be made easy to setup/configure: 
"Instead of saying yes I have got a sight problem, and let the computer sort out 
what it is going to give me, why does it just show different sizes of font and the 
computer just says 'which one do you want?' As simple as that. [It can represent 
the font size values like a symbol of little letter or medium letter] - who knows 
what 19 font is anyway! Whereas If I see the lower letter and that the size I want 
then I click on that one instead of getting too technical. [By doing thiS] you can 
overcome the problem of being patronising and saying that is what I want to 
have -just let me choose!" 
Similarly, another evaluator suggested that configuring the personalisation features 
should be made uncomplicated particularly to users within their age group, who were 
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less familiar with usmg computers/Internet, because this might affect their 
understanding of how to use these personalisation features: 
HI will say our age group were not brought up with computers. We don 'I know 
computer language. So, lots of people would not know what font [size] means 
and when it talks about personalisation, it does not make it very clear what they 
want you to do with personalisation. " 
The new user felt that allowing users to setup their profiles by themselves could be 
useful. However, he stressed that these options should have limited values so that 
users would not be disrupted by their configuration which might negatively influence 
the main goal: 
HI think it would be a good thing if it is limited. I think if you had a complete 
spectrum of colours [which require configuration], that could be in a way 
obstructive. It takes you away from the focus of the main thing. Again, going 
back to me as an illustrator and graphics designer, I could almost imagine myseif 
playing around with background colours and not progressing with the main 
purpose. So, there is a need for some limits maybe. " 
In addition to the strong desire to be in control and the significance of having further 
explanations, these responses indicated that more simplified representations of 
personalisation options were needed. 
5.3.8. Other usability-related problems 
The purpose of the implementation was primarily to look at identifying the usefulness 
of the given personalisation features within the prototype system for people with MS. 
However, there were some usability problems, identified mostly by the former users 
and on some occasions by the new user. Identifying such usability problems was 
deemed necessary, because it was important to ascertain what was accepted/rejected 
as a personalisation feature, and what was simply a usability problem which could 
affect the users' perceptions towards personalisation. The following depicts these 
usability problems as they were found during the individual interviews. 
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5.3. S.l Difficulties with link access 
Some explanations were added to the prototype system as a result of the first 
implementation about the functionality of the links. The former users expected that 
links would be included within these explanations. Therefore, they felt that reading 
the explanations - where some of them needed scrolling down the page and then 
scrolling up to click the required link - would need extra effort from users especially 
if they were fatigued or visually impaired. 
"I am surprised that I could not click [the word 'register' in the explanations} 
instead of having to go over there to [click} register!" 
"It is interesting when I am down here and it says 'click personalise', where is 
personalise? It is gone!" 
"It would have been nice if the 'Start overview' [words} could have come down 
because I have got a larger typeface. I have had to scroll down the page to read 
it, and now I have to scroll back up the page to find the 'Start overview' [link}. 
Again it is an extra effort if I am fatigued and vision problem at my worse time. " 
While explanations were very important to users, it was necessary to keep links as 
close as possible to their explanations so that users do not have to scroll up/down the 
page to access a link. This should be taken into consideration when developing future 
personalised system. 
5.3.S.2 Difficulties with scrolling up the page 
While the former users were scrolling down the page reading explanations, or looking 
at particular information about MS, they faced difficulties in scrolling up the page 
when they needed to. They expected the presence of a 'back to top' link whereby they 
could easily navigate to the top of the page. 
"That is nice and easy to read. I know that I need to go up there [to click the 
'back' link} to go back [to the previous page}, but there is nothing at the bottom 
of the page to say go back. " 
"Now I am not told how I can get back to the top again. You ought to have 
something there like 'back to top' [link}. " 
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This indicates that it very important for users with MS to be able to move with ease in 
the prototype system. This can be accomplished by, for instance, minimising the 
scrolling efforts (e.g. using 'back to top' link). 
5.3.8.3 Confusion with log-ill procedure 
After the former users had created their profile using the registration page, they were 
directed into the log-in page and then required by the prototype system enter their 
log-in information. This caused the former users some confusion and was considered 
an extra effort on them. 
One of the former users said after completing the registration and subsequently 
arriving at the log-in page: 
"Why 1 have gone back to [the log-in page} now!" 
Another former user said: 
"So we have now to use our usernarne and password! But haven't we created our 
profile just for this anyway? why do we need to enter the usernarne and password 
again! " 
Technically, this step was required in order to access users' profiles that were stored 
in the database. However, assuming this problem could be overcome, users should not 
be required to log-in if they have just created a usemame/password to avoid any 
similar confusion. 
5.4. Discussion and implication of users' responses 
The following sections comprehensively discusses the implications and reflects on the 
second implementation results in terms of their significance. 
5.4.1. User profiling 
Evaluators' feedback on 'user profiling' showed that users misunderstood the purpose 
of collecting information about their conditions. Evaluators did not really appreciate 
that the information being collected was used to build their profiles, and to help the 
prototype system to assign users to a particular content presentation. Evaluators 
thought that the registration purpose was to enable them to acquire information about 
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the symptoms being selected during the registration. Furthermore, evaluators not only 
misunderstood the purpose of questions about their conditions during the registration, 
but also they thought that users would need to re-register if their conditions had 
changed. 
This misconception about the registration process was clarified - by the researcher -
to evaluators where they seemed to understand the purpose of it. This further 
reinforces the need to add even more explanations (particularly this time about the 
purpose of users' profiling) to solve any potential misunderstanding. 
5.4.2. The assigned level of information complexity based on symptoms 
Responses of evaluators were still varied regarding the appropriateness of the level of 
information complexity assigned to users. Some evaluators felt unhappy about being 
assigned to a particular level based on symptoms, because they desired to see detailed 
information rather than intermediate or basic information. Other evaluators, accepted 
the level of information assigned and appreciated the opportunity to override the level 
of information complexity. This reinforces the finding from the first implementation 
(Section 4.4.4.1). However, this poses the question of 'when' to give users this 
opportunity - during the registration process where users would select the desired 
level of information complexity, or after the registration where users could change it 
in their preferences page? Further investigation is therefore needed to ascertain when 
to give users this opportunity. However, if the prototype system was able to 
personalise the control (discussed in Chapter 4, section 4.5.7.1), this may solve this 
problem. For instance, users who set the control level to 'Low' should be able to 
choose the level of information complexity during the registration, because they 
would be responsible for setting all personalisation features of the system including 
complexity level. 
Evaluators' preference, for being presented with the basic level of information 
complexity particularly during times of fatigue, indicated that it would be more 
appropriate to default the prototype system to the basic level. This supports the 
discussion from the first implementation in Section 4.5 .4.1. 
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5.4.3. The assigned layout based on symptoms 
While evaluators expressed comfort with the assigned layout, there were variations 
amongst evaluators with regard to which background colour was easier to see. Some 
evaluators felt that a white background was more appropriate whereas others felt that 
yellow was the best. This situation lends weight to personalisation and shows that the 
ability to personalise the background colour helps fulfil the users' needs. 
Again, this leads to the question of when users should be given the opportunity to 
change the presentational/layout aspects of the prototype? Before, during or after the 
registration (i.e. collecting information about users to build their profiles)? It was 
, 
suggested in the first implementation (Section 4.4.4.3) that users may benefit from 
changing the background colour during the registration. However, it seemed that it 
may be more convenient to USers to be able to control the basic presentational aspects 
(i.e. font size and background colour) as soon as they access the homepage of the 
prototype (i.e. before the registration process). It was apparent from the first and 
second implementations that users were very much concerned about these 
. presentational aspects. Therefore, allowing users to personalise font size and 
background colour immediately (i.e. upon accessing the prototype). would make the 
prototype more accessible. One way to accomplish this is by placing these controls (of 
font size and background colour) on the top of each page. Values such as small, 
medium or large could specify the font size. Similarly, small-coloured icons 
representing white and yellow could be used to specify background colour. 
Evaluators seemed to like the prototype system suggesting font size and background 
colour particularly when they realised that they were able to control these elements. 
This reinforces the discussion from the first implementation (Sections 4.12.4.2, 4.12.6 
and 4.12.8) where the sense of being in control was important and fundamental to 
users with MS. Again, the main point to learn is that users need more explanations 
about how the prototype system works in order to interact with it more efficiently. 
This supports the finding from the first implementation (Section 4.4.2). 
5.4.4. Using different levels ofinformation complexity 
This theme reinforces the finding from the first implementation where users preferred 
being presented with progressive levels rather being assigned to a level of information 
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complexity. Evaluators felt that a newly diagnosed person with MS would benefit 
from reading information at progressive levels. This reinforces the discussion from 
the first implementation (Section 4.5.1) where incorporating a 'time since diagnosis' 
element within the design could be beneficial (for newly diagnosed suffers who might 
be very sensitive to the information about MS). 
5.4.5. Using media types including videos and audios 
It was apparent that inclusion of videos was a successful modification. Evaluators and 
the new user felt that watching videos was easier than reading long text. Of even 
greater importance, they felt that watching videos alongside text would help them to 
understand the context of information more effectively. This reinforces the discussion 
from the first implementation (Section 4.5.5.3) where the inclusion of videos could 
support information comprehension for people with cognitive disabilities. 
Evaluators' suggestions about using the speech assistive technology reinforces the 
discussion from the first implementation (Section 4.5.5.3) where users with visual and 
mobility problems could benefit from the text being read out to them. The integration 
of this assistive technology simply involves adding a screen reader to the user's Web 
browser. 
However, as discussed in the first implementation (Section 4.5.5.3) the inclusion of 
videos or speech assistive technology should be easily configurable by users, as they 
might not want to watch videos or to use speech. Therefore, these should be part of 
personalised choices that users are able to select. 
It is believed that presenting videos at three levels of complexity would be beneficial 
to users with MS. However, this requires authoring costs if one tries to embed and 
classify a large number of videos into basic, intermediate and detailed. Therefore, a 
future version of this system may benefit from being able to locate videos with 
differing levels of complexity. In this case, however, there would be a problem of 
locating videos with the three levels of complexity, as they may not necessarily be 
marked up into three levels of complexity. In this situation, it may be necessary to 
consider 'metadata harvesting' where resource descriptions can be shared and 
searched by content authors (this approach is discussed in Chapter 6, Section 6.4). 
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5.4.6. Users' thoughts/opinions about personalisation 
It was clear that users with MS needed to take an active role within the prototype 
system. It was noticed that evaluators might be willing to accept the system's 
behaviour when the situation was clarified to them. Thus, including explanations 
which allow users with MS to know what is happening, including explanations about 
why their personal information is being collected, how it is going to be processed and 
in what ways the information is personalised to users, is very significant. 
While it was very useful to explain to users with MS e.g. why their personal 
information was being collected, it seemed that there might be occasions where users 
do not wish to provide this personal information. It was clear from Section 5.3.6 that 
some evaluators were not willing to disclose their personal information, others 
preferred to reveal information as long as they cannot be identified, and others were 
unconcerned about providing their personal information. In this case, personalising 
the extent of 'information disclosure' could be beneficial. This could be accomplished 
\ by asking users questions regarding their desire to provide information before starting 
the registration process. Of course, this should be supported with clarifications about 
the type of information disclosure that can be selected. Accordingly, the type of· 
information collected would differ based on the questions answered. For instance, 
users who wish to be anonymous, but were willing to provide information without 
being located, would provide information such as usemame, password, time since 
diagnosis, gender, etc. Whereas users who wish to provide their personal information, 
they would provide (including the earlier information) information such as real name, 
address, telephone number, email address, and so forth. Collecting this information 
may be beneficial, for instance, MS sufferers could be provided with addresses 'of 
local support groups in their area. 
5.4.7. Suggesting other ways to present personalisation features 
It was clear that the desire to be in control was fundamental to people with MS. 
Users' preference for information presented in c1ickable 'hot-words' are related to 
their need for control, as this technique (i.e. hot-word) would allow users to have 
direct control over the detail of information. This technique would not require users to 
modify/change personalisation options and therefore would probably be easier for 
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users to comprehend the results. For this reason, it is believed that implementing such 
a technique within a future personalised system would be beneficial. 
Integrating the stretch text (i.e. hot-words) technique can be taken a step further by 
being more adaptive/personalised depending on the extent of the user's knowledge. 
For instance, based on knowledge of the user, the system can determine the initial 
presentation of these hot-words - i.e. the ones that should be expanded already and 
the ones that should not be expanded. Therefore users should find appropriate 
information is already stretched for them. This technique is part of the KN-AHS 
system (described in Chapter 2, Section 2.9.2). However, referring back to the issue of 
controlling personalisation (Chapter 4, Section 45.7.1), using adaptive hot words 
might not be liked by users who expressed a desire to have a full control over the 
system (i.e. the personalisation control is set to 'Low'). In this case, using hot-words 
that are controlled by users would be more appropriate. The technique of adaptive 
hot-words would only be appropriate for users with profiles that reflecting 'Medium' 
or 'high' degree of personalisation control. 
, 
, 
Evaluators' responses indicated that employing more user friendly representation and 
limited entries per personalisation option were important. This reinforced. the 
discussion in Section 4.5.4.4 from the first implementation where users felt more at 
ease with handling/changing the layout values of the prototype. Therefore, the 
suggestion of using values such as small, medium or large as a good way for 
presenting font size options rather than using 15, 16 or 19 points, was supported. 
5.4.8. Other usability-related problems 
It was clear that the prototype system suffered from a number of usability problems. 
It was necessary to identify these, so that a future revision of the system would avoid 
the same (or similar) problems. 
Most difficulties that faced the former users were concerned with scrolling when 
reading explanations about link functionality or when reaching the bottom of a page. 
While these explanations are deemed very important to users with MS, these 
explanations should be integrated in a way that would not add a further burden on 
users. For instance, it would be a lot easier for users to keep links and explanations 
about their functionality close together. This would minimise the scrolling efforts of 
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users. Another way to reduce the scrolling is by placing 'back to top' link at the 
bottom of each page, so that users would move to the top easily. Starling (2001) 
mentioned that repeating the main links at the bottom of each page saves the users' 
effort if they scroll up the page to access those links. It may also be beneficial to 
personalise the degree of explanations in the future system. For example, novice users 
could get these explanations while experienced users do not. 
5.5. Successful modifications incorporated into the second prototype 
As mentioned before, some of the modifications to the prototype system were 
usability related, and some involved adding some personalisation/adaptation features. 
A number of these changes to personalisation features were identified by the former 
users and the new user. Generally, they felt positive over these changes and provided 
suggestions when it was felt necessary. The following discussion shows these 
successful modifications/changes. 
5.5.1. Changing 'Appropriate links' with 'Content links' for navigation 
During the first implementation users suggested having content links placed at the top 
of each page instead of having appropriate links provided by the prototype system 
(refer to Figure 5.1). The former users felt positive about content links compared to 
the previous 'Appropriate links' idea. They said: 
"That is better up there, and I much prefer that rather than using the appropriate 
links idea. " 
"It is better to have it like that {i.e. as content links], because you can go straight 
to the ones that you want to look at. " 
In the same way, the new user felt positive over the presence of the content links. He 
thought that using the content links enabled him to identifY his location within the 
prototype system; he said: 
"I like that idea of picking up these links, because I will feel like I know where I 
am then. " 
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5.5.2. Introducing 'link-disabling' to the 'Information level' links 
It was noticed during the first implementation that it was not clear to users if they 
were reading basic, intermediate or detailed content. It was also noticed that 
indicating the assigned level of information at the top of the page with the heading 
'Information level: basic' was not sufficient. Therefore, it was. thought that including 
a disabled link outlining the assigned information levei could help users to determine 
their level of information complexity chosen for them (refer to the left-hand menu in 
Figure 5.1). 
The former users liked the idea of link-disabling and felt this had helped them to 
identify their assigned level of information complexity. However, one of the former 
users indicated that using a grey colour for the disabled link may be problematical for 
a person with sight problems. She suggested using another appropriate colour which 
could be easily seen. She said: 
"We are now looking in the basic because it is not underlined, and the other ones 
are underlined for us to go on if we want to - intermediate and detailed. " 
"That [disabled link] looks very pale grey comparing with that which is a dark 
blue with the underline. Somebody has real sight problems would not notice the 
difference, they might not even notice the line was not underneath it. I suggest 
that link be in a different colour but I don't know if that is feasible. " 
One other former user said: 
"I think that is fairly obvious where I am, because it is highlighted and not 
underlined; I can see that. I think most people who use the internet would be able 
to see that. " 
The new users was also asked about the usefulness of the disabled link feature in 
'Information level' links. He felt that this feature was useful and sufficient for people 
who were familiar with computers. This also enabled them to confirm the assigned 
level of information complexity. He said: 
"I suppose that does help. It kind of helps confirm where you are. " 
"I don't think it needs anymore. As a reasonably familiar-computer user, you 
know, there is almost like a non-written language or understanding. " 
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5.5.3. Adding explanations to the log-in page and the homepage 
As a result of the first implementation, more explanations were added to the log-in 
page to make it easier for users to interact with the prototype. More explanations were 
also added to the homepage to explain to users the controls on the screen instead of 
providing them with information about their profiles (see Figures 5.2 and 5.3). 
However, the former users' responses showed that they preferred having links within 
these explanations, so that they do not need to scroll down the page to read the 
explanations and then to scroll up again to select the required control/option. One of 
the former users said: 
"It would have been nice if the "Start overview" [text becomes as link} because I 
have got a larger type I have had to scroll down the page to read [these 
explanations} and now I have to scroll back .up the page to click the "Start 
overview" [link). Again it is an extra effort especially if am fatigued and have a 
vision problem. " 
5.6. Summary of key findings 
Generally, it can be seen that the findings from the second implementation reinforced 
the finding of the first one. The following outlines the key findings of the second 
implementation. 
• The strong desire to control the personalisation process was found important 
to people with MS. During the second implementation some evaluators were 
not happy with the system assigning them to a particular level of information 
complexity or layout based on their conditions. Other users felt positive about 
the assigned values (i.e. the level of complexity and the layout) because they 
appreciated the opportunity to override these values. Hence, this should be 
opportunity (to control the personalisation process) should be incorporated 
into any personalised system designed for the MS domain. In this sense, 
controlling the personalisation by users could meet the users' needs (see 
Chapter 4, section 4.5.7.1). 
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• Using different levels information complexity was deemed important. 
Evaluators in the second implementation liked the content being presented in 
progressive levels of complexity including the basic, intermediate and detailed 
levels. This was clear from the discussion in Section 5.4.4. 
• The inclusion of more explanations, particularly about the aim of collecting 
users' information during the registration, were deemed significant. While 
evaluating the second prototype, evaluators expressed a worry about the 
process of collecting especially the personal information during the 
registration process. Therefore, users' privacy should be insured and the level 
of information disclosure could be personalised to ensure this process (see 
Section 5.4.6). 
The next Chapter (Chapter 6) presents an overall discussion of the findings from the 
first and second implementations. 
203 
Chapter 6 Discussion 
Chapter 6 
Discussion 
6.1. Introduction 
This chapter provides an overall discussion of the first and second implementations in 
terms of particular points which are significant to the design of a future personalised 
system. 
6.2. Relation to the adopted model (AHAM model) 
Tsandilas & Schraefel (2004, p. 7) stated that adaptive hypermedia systems are often 
criticised for not allowing users to have control over the systems' adaptations. This 
becomes even more critical if users' needs are frequently changing. Therefore, it 
would be hard for an adaptive system to respond accurately to the users' needs unless 
there is a direct feedback from users. 
Both implementations (Chapters 4 and 5) indicated that acquiring information about 
the users was very significant, and influenced the personalisation process within the 
prototype system. One of the main findings from this research work was the strong 
desire for users with MS to be in control over the personalisation aspects within the 
prototype system. In the educational" domain, it has been suggested that users of 
educational hypermedia are usually "novices who can not make choices" and rely 
entirely on the systems' suggestion/recommendations to guide them through the 
hyperspace of a system (Brusilovisky 1996, p. 18). Although this is in the educational 
domain, for people with MS, the desire for being in control contradicts this 
suggestion. The reason for these differences could, in part, be due to the nature of MS 
which removes some physical abilities from individuals. This seems to result in a 
strong desire to control the adaptation/personalisation aspects within a system. It 
could be also that Brusilovisky has underestimated the desire for control in general 
and given this option, other people would perhaps welcome more control. 
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As mentioned in Chapter 4, Section 4.3.4, the design ofthe prototype system followed 
the general architecture of the AHAM model. A domain model, user model, 
personalisation (i.e. adaptation) model and personalisation engine were created in the 
prototype system. 
However, because the AHAM model was primarily developed for the educational 
domain (though it is still applicable for implementation in other domains), it was 
found that certain aspects of acquiring users' personal information and users' ability 
to override/control the personalisation rules were not clearly reflected in AHAM. The 
AHA authoring system - which is an implementation of AHAM model (described in 
Chapter 2, Section 2.9.3) - was used by De Bra et al. (2002) to create an online course 
on hypermedia. In this instance, students' personal information including their email 
and programme were captured during the log-in process and then stored in a user 
model under a special concept called 'personal'. It was claimed that information 
stored in a personal concept could be used, for example, to provide students from 
different universities with different assignments. However, the main focus of any 
system created using AHA is on capturing users' evolving knowledge about concepts 
based on the browsing history within the hyperspace of an adaptive system (Wu 2002, 
p. 47). Therefore, any system created using AHA assigns a low priority to users' 
personal information and maybe less applicable to systems for other learning contexts. 
Furthermore, in the online course l (created using AHA) about 'Hypermedia 
Structures and Systems', users were able to override their knowledge about the 
concepts provided and the link colours used within the system (there were different 
colours used to distinguish different sets of links including bad, neutral, good and 
unconditional links). Although this helps users to distinguish appropriate from 
inappropriate links, this would be insufficient for users with MS to satisfY their desire 
to be in control. 
The AHAM model could therefore be adapted to reflect approaches to acquiring 
users' personal information and providing users with the ability to override the 
personalisation rules. Applying this would introduce a change to the way that users 
are modelled in AHAM. In the prototype system, users with MS were modelled in 
two stages. In the first stage, users were modelled based on their collected personal 
I Found on http://wwwis.win.tue.ni:8080/2L690/ 
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information such as username, password, and symptoms (though results of the first 
and second implementations suggested the inclusion of more information such as list 
of topics about the symptoms of MS and time since diagnosis). In the second stage, 
users were modelled based on their ability to control/override the personalisation 
rules. Adapting the AHAM model to account for the requirements of users in this 
study would result in Figure 6.1. This figure shows how the two-stages of the users 
model, Stage I UM and Stage 2 UM, would be integrated into the AHAM model. 
Run-time Layer 
Storage Laye r 
Within-component Layer 
Figure 6.1 Two-stages user 
Although it is suggested, in AHAM, that users should receive information based on 
their evolving knowledge, there is no clear indication for how the domain model' 
should be structured. It is left to the author to define this structure. While this is still 
valid (i.e. leaving the domain model structure to authors/developers) for this research 
work, it was revealed (during the implementation of the prototype) that presenting 
information chunks into different levels of complexity was beneficial to the MS 
sufferers. Consequently, the AHAM model needs to reflect this structure by including 
the basic, intermediate and detailed levels of information complexity into the domain 
model (this structure is included and explained in Figure 6.4) 
It should be noted that this particular model is appropriate to the MS domain. The 
applicability of using this model in other domains (e.g. patients with Cancer) would 
need further investigation. However, it seems that this particular model could be 
applied in other domains. 
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6.3. Implications of the technology 
The technologies including XML, XSLT and the Apache Cocoon Framework were 
used to design and implement the personalised prototype. These were found useful in 
many ways. Because XML is a meta language, it can be used to describe the semantic 
nature and structure of individual XML chunks in a way that represents the domain. 
In the prototype system, XML was used to construct the information resources (i.e. 
the domain model) into different levels of information complexity - basic, 
intermediate, and detailed. For each XML resource, one topic was authored at three 
levels of complexity (see Chapter 4, Listing 4-2). This was accomplished easily using 
XML. However, there was an authoring effort required to produce content at the three 
levels of complexity. Nonetheless, presuming that content production could be 
facilitated and better managed, probably by using an XML integrated development 
environment (IDE) - e.g. Stylusstudio or XMLSpy, using XML to describe content 
blocks would be appropriate in this type of application. It should be mentioned that 
the ability to describe content at different levels of complexity was not the only 
benefit of using XML, there were other (technical) advantages such as using XML 
attributes to facilitate the mapping between the user model attributes and the attributes 
of the information chunks. This enabled the extraction and transformation of relevant 
information to MS users (see Chapter 4, Listing 4-6). 
XSLT is a powerful language that facilitated adaptations (i.e. personalisation) within 
the prototype system. XSLT was mainly used to carry out the extraction (i.e. copying) 
of information chunks based on the stored variables within the users model and 
prepare them for rendering by a Web browser (Le. arranging how content and links 
should appear in the final construction of a page). Moreover, XSLT helped in 
executing personalisation rules upon the users' registration (i.e. assigning users to a 
specific level of information complexity and layout based on symptoms). It also 
facilitated the overriding of the personalisation rules by users. Another responsibility 
of XSLT was to achieve the behavioural personalisation technique within the 
prototype system. XSLT was used to maintain the data about the visited pages within 
the user model. This data was then used to suggest links (i.e. appropriate links) to 
relevant topics for users. (This functionality is described in Chapter 4, Listing 4-8). 
Finally, a very significant role for XSLT was to aggregate information chunks from 
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different XML resources enabling the desired orientation of the resources to be easily 
authored (see Chapter 4, Listing 4-6). 
In the architecture developed in this work, XSLT served a dual purpose. It included 
the personalisation rules and was responsible for executing them. Carrying out the 
design in this way offered the advantage of separating content and logic - i.e. the 
XML resources only include chunks of infonuation and do not include any logic (i.e. 
personalisation rules), whereas the XSLT files include and execute the logic. This has 
the advantage of making the system easier to maintain. 
All of the previous interactions were supported by the Apache Cocoon publishing 
framework. The interactions between the XML, XSLT, management of the user 
model (e.g. changing users' preference), HTML page rendering, etc. were fully 
supported by Apache Cocoon (a full description about Cocoon framework is found in 
Chapter 4, Section 4.3.3). Furthenuore, Apache Cocoon provides a mechanism 
whereby integrating any type of RDBMS (Relational Database Management System) 
can be easily accomplished (it includes a set of predefined protocols that allows any 
RDBMS to be plugged into the framework). However, the disadvantage of this 
framework is that problems may appear when migrating to a newer version where 
compatibility problems may occur which need to be done manually. 
Finally, based on the results of the first and second implementations, it is believed that 
using XML, XSLT and Apache Cocoon were efficient technologies to create a 
personalised system for people with MS. 
6.4. Extensibility for a future revision of the system 
It is important that a future revision of a personalised system would be able to extend 
its capabilities in tenus of updating/acquiring new content or applying additional 
personalisation functionalities. In the context of acquiring new content, this can be 
envisaged by integrating content harvesting techniques in the future system which 
allow for acquiring, for example, textual and video content from external resources. 
Results from the first and second implementations showed that the inclusion of video 
files was very beneficial to users. Giving users with MS the opportunity to 
view/acquire videos from external resources would enable users to view infonuation 
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about MS in a desired fonnat. The same approach could be applied to textual 
infonnation where users with MS could access textual infonnation gathered from 
other resources. 
However, these authored files (videos are used as an example throughout this section) 
need to be integrated easily within the current design of the prototype, and therefore 
they are needed at three levels of complexity. While this approach of having 
infonnation at different levels of complexity was desired by users with MS, it might 
be difficult to find such content from external resources (i.e. authors do not usually 
produce infonnation materials that are labelled at three levels of complexity). 
Nevertheless, approaches that aid harvesting infonnation and describing it at three 
levels of complexity could be part of a solution to overcome such a difficulty. 
Possible criteria for classifying video files into three levels could include the topic 
presented and the length of that file. For example, during the second implementation a 
video file that included a short animated introduction about the cause of MS was 
presented. Users' responses showed that this video file was a typical simple 
introduction to MS. In other words, this means that this type of video could fit the 
'basic' level of infonnation complexity. 
Metadata could be used to describe video files at different levels of complexity. 
Metadata is defined as a set of attributes or elements, necessary to describe the 
resources of infonnation (Hillmann, 2005). There are several standards and 
approaches for using metadata - one of these standards is 'Dublin Core Metadata 
Element Set' (DCMES). In this standard there are no restrictions on the resource type 
that can be described. The DCMES standard uses fifteen elements (some of which are 
explained in Table 6.1) that can enrich the description of the infonnation resource 
(Dublin Core Metadata Initiative, 2006). 
Table 6.1 shows three elements2 from the DCMES with a description of their possible 
use. These elements can be used to describe videos and therefore ease the extraction 
of the relevant ones. For example, the title element is important as it gives a name for 
a video file. The subject could be used to identify the topic of the video. Also, there is 
a description element (not mentioned in Table 6.1) that could be used to classify the 
2 A complete list ofDCMES can be found at: http://dublincore.org/documents/dces/ 
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content of a video into basic, intennediate and detailed. The identifier element would 
be used to reference the physical location of the video file. 
Table 6.1 Extract from the DCMES (Dublin Core Metadata Initiative, 2006) 
Label: Title. 
Definition: A name given to the resource. 
Comments: Typically, Title will be a name by which the resource is formally known. 
Definition: A topic of the content of the resource. 
Comment: Typically, Subject will be expressed as keywords, key phrases or classification codes 
that describe a topic of the resource. Recommended best practice is to select a value 
from a controlled vocabulary or formal classification scheme. 
Label: Resource Identifier. 
Definition: An unambiguous reference to the resource within a given context. 
Comments: Recommended best practice is to identify the resource by meanS of a string or number 
conforming to a formal identification system. Formal identification systems include 
but are not limited to the Uniform Resource Identifier (URI) (including the Uniform 
Resource Locator (URL», the Digital Object Identifier (DOl) and the International 
Standard Book Number (ISBN). 
Following a standard for describing the infonnation resources would facilitate 
infonnation sharing between the future personalised system and external resources. 
This sharing of infonnation could be achieved by using sharinglharvesting 
approaches. One approach to accomplish this could be by implementing OAIIPMH 
(Open Archives Initiative Protocol for Metadata Harvesting). 
OAIIPMH 3 is simply a mechanism whereby metadata records can be harvested from 
external repositories. In OAIIPMH there are two participants including data providers 
J Full discussion and tutorials about OAIlPMH can be found at: 
http://www.oaforum.org/tutorial/englishlpagel.htm 
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and service providers. Data providers expose their metadata repositories for 
harvesting. These repositories should be able to support the OAIIPMH protocol. 
Service providers use OAI/PMH for metadata harvesting (see Figure 6.2). In 
OAIIPMH metadata is harvested using six verbs that are communicated through the 
HTTP (Hypertext Transfer Protocol) using the 'Request' and 'Response' methods. 
These verbs include 'Identify', 'ListMetadataFormats', 'ListSets', 'ListIdentifiers', 
'ListRecords' and 'GetRecord'. Each one of these verbs has its own functionality and 
a set of arguments (i.e. parameters). For instance, ListRecords verb can be invoked 
through a request (i.e. GET method) using the following structure: 
http://archive.org/oaiscript?verb=ListRecords&metadataPrefix=oai_dc&s 
et=biology 
The above line means, list records from the specified archive where these records are 
specified in DC and the content type is about biology. 
The harvested metadata is returned in XML format where it could be stored in a 
database to on the service provider Web server to facilitate user searching (Carpenter, 
2003). 
Data providers 
Service providers 
Harvesting 
based on 
OAJ-PMH 
Figure 6.2 Data and service providers in OAIIPMH (Capenter, 2003) 
In Figure 6.2, the upper part shows data providers who make their metadata files 
available for harvesting. The lower part in the figure shows service provides who are 
responsible for metadata harvesting. Although OAIIPMH protocol uses the Dublin 
Core (DC) metadata as the basis for resources description (to allQw more 
interoperability by encouraging involved parties to use DC), other metadata format 
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are allowed to be used as long as they can be represented in XML specifications 
(Carpenter, 2003). 
However, the major problem with this approach is that data providers are likely to use 
DC elements to describe their resources in a way which is not compatible with the 
personalised system. In other words, it is unlikely that the data providers would use 
the description element of DCMES to describe video files as basic, intermediate and 
detailed. Thus, it would be meaningless for a future system just to harvest videos 
metadata without 'knowing' the level of complexity. Therefore, further investigation 
is required to find the most appropriate approach to overcome this problem. One 
possible solutions could be achieved by asking data providers to add a further element 
to their metadata files indicating the level of complexity of existing videos (see 
Listing 6-1). 
Listing 6-1 A proposed solution to identify the assigned level of complexity 
<?xml version="l,O"?>, 
<mefada.t~ 
''',' ' "" 
··'Jatlln~: isi~;h\".'fpT?/~.\:'~.~r~ /2 ob1./~~6h~~~~illsf1.nC:'''';' 
xs: ~~hemaLoeation=~http://e,,ample; o;~/m~~p~/ 
http://example. org/myapp!sehema.xsd". 
xmlns:de="http://puri.org/de/elements!1..ll''; 
xm.lns • ..rf:="URL th~t~iquelYidentifies this namespace"> 
<de :t i t le> fat i gue t"~:t~~n t~/ ~,,}~'l\:le> 
<de: id> ... </dc 
:;'<'~:~X: d~s~~;f;;t'~;1n; 
<vf.complexity> basic video explains fatigue treatment 
</vf.complexit:y> 
</metadata> 
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Listing 7-1 provides an example of a metadata file that describes a video resource that 
explains fatigue treatment in MS. In this metadata file an additional element 
<vf.eomplexity> which indicates the level of complexity of the video file can be 
added. To use this element correctly, a namespace URL (Uniform Resource Locator) 
is required which uniquely identifies this element. This is achieved in Listing 6-1 
using the following line: 
<metadata 
xmlns:vf="ORL that uniquely identifies this namespace"> 
</metadata> 
A request to data providers would be sent by the service provider to harvest their 
metadata. According to the suggestion in Listing 6-1, retrieved metadata files would 
include more than one namespace, each one would be validated against a different 
XML schema. Combining different XML schemas can be achieved using NRL 
(Namespace Routing Language). NRL is a recommendation that allows combining 
different namespaces with different XML schemas to allow validation of a complete 
document (Cl ark, 2003). However, more investigation would be required to consider 
exactly how this can be undertaken. 
Another alternative would be for the service provider to acquire DC metadata files (as 
they were created), but to enhance it as necessary with metadata elements that 
describe the complexity of resources. This would require the service provider system 
to suggest potential candidates, by selecting metadata files that describing MS-related 
content, to authors who could rewrite the resource or manually add metadata 
elements to the records retrieved. 
Therefore, the enhancement of metadata files could occur on the service providers 
side or data providers side. However, because it is possible to have more than one 
data provider involved, it might be difficult for them to undertake this change to their 
metadata files. Therefore, it might be easier for the service provider to undertake this 
change. If either of the these approaches were developed, subsequently several 
metadata files could be gathered and should be made available for searching through a 
searchable database (see Figure 6.3). 
213 
Chapter 6 Discussion 
Data providers 
Personalised IS 
Service provider 
Figure 6.3 A proposed architecture for resource'sharing 
Figure 6.3 shows the overall architecture for acquiring content from external 
repositories. It starts with the service provider sending a request using the OAVPMH 
protocol to harvest content (about MS) from data providers. Metadata files are then 
harvested, enhanced (either on the data providers or service provider side as described 
earlier) and stored on a searchable database. Based on the nature of the service 
provided by the service provider, it is either that authors of the personalised system 
may be provided with a user-interface to search the service provider's database and 
then integrate possible results with the internal XML files. The other possibility could 
be that the service provider may provide a machine interface where it would be the 
Cocoon's responsibility to communicate with the service provider's systern and to 
integrate possible results with the internal XML files. If either of these approaches 
were used, the metadata element de: identifier, which points to the physical 
location of a video file on the data providers side, would be handled and rendered by 
Cocoon on the user-interface of the system. 
6.5. Guidelines for the design of a future revision of the system 
A future revision of the prototype system may benefit from a design that is 
specifically developed for the MS domain. The following discussion, represents key 
guidelines (derived from the first and second implementations) that could be applied 
to construct a personalised system that is very close to the needs of MS users. These 
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guidelines outline significant elements that should be taken into consideration during 
the design phase of a future system (research question 4) (see Table 6.2). It should be 
mentioned that some of these guidelines can be found in other domains, such as 
usability, however it is important that such guidelines are considered as they may 
affect people's perceptions towards personalisation. Tsandilas and Schraefe1 (2004, 
pp. 5-6) mention that adaptive systems often violate usability principles, and one 
strong reason for this is the lack of thorough evaluation studies concerning the 
usability of the adaptations provided by these systems. 
Table 6.2 Key guidelines for the design of the future version of a personalised system for people 
with MS 
User • Explanations should be included relating to: 
profiling D The purpose of collecting users' 
information. 
D The purpose of questions in the 
registration page. 
D The effects/consequences of gathered 
information on personalisation. 
• List of desired topics, time since diagnosis, age 
and gender are critical elements that should be 
taken into consideration when designing a 
complete system. Le. the system should be able 
to personalise according to these elements. 
• The degree of personal information disclosure 
should be controlled by users. 
D Explanations about each type of 
information disclosure available should 
be presented to users. 
215 ' 
Comments 
These explanations play an 
important role in preventing 
users from getting confused 
about the profiling process. 
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Homepage • Explanations describing the type and the nature 
design of the service should be presented. It is very important to inform 
users that the system is 
personalising only the 
content and the layout 
according to their needs (it 
does not mean that users will 
develop al\ the cited 
symptoms in the system 
because it is personalised to 
them). 
Navigation, • Appropriate use of headings and anchor text of 
and links (i.e. link names) should be ensured. Further investigation is 
scrolling • Placing all links at the top of each page would be 
needed to identify the most 
useful if the system's hyperspace is relatively appropriate technique of 
small. 
maps visualisation. 
, 
• Map visualisation techniques would be 
beneficial if the system' s hyperspace is large. 
• Lengthy pages that need considerable scrolling 
should be avoided. However. if provided, 
presenting 'back to top' links would help. 
Content • Presenting content in progressive levels of 
design complexity is desired. As mentioned in the first 
• Basic level of complexity is preferable as the 
implementation, creating 
default level in the system. appropriate levels of 
complexity needs 
collaboration with MS 
experts and individuals with 
good writing skills. 
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Text, • Short paragraphs are always preferable for text 
pictures, presentation. It is clear that further 
videos and • Pictures should be used whenever it is possible. 
investigation is needed to 
audio files. Videos/audio should be used to help users to 
detennine when to give users 
• 
comprehend the scope of the written text (not as the opportunity to 
an alternative to it). controVpersonalise these 
Users should be able to controVpersonalise: 
aspects - before, during, or 
• 
0 The inclusion of moreiless text. 
after registration? 
0 The presentation style of pictures (ful1 
size, thumbnail, or a link leading to an 
image). 
0 The inclusion of video/audio files. 
Layout • Large font size - e.g. 16 pt - should be used 
design as the default font size. 
Again, when to give users the 
• White background colour is acceptable for 
opportunity controV 
most cases (therefore it can be used as the personalise these aspects 
default background colour). However, in . needs further investigation. 
some cases a yellow background is 
preferred. 
• Sans-serif fonts are more acceptable as a 
font style, therefore can be used as the 
default font type. However, in some cases a 
serif font is preferred. 
• Users should be able to person.lise al1 the 
above aspects - i.e. font size, background 
colour and font type. 
6.6. The development of a new model 
Results from the first and second implementations revealed important findings about 
the appropriateness of using personalised information for people with MS. Perhaps 
the most significant finding was the desire for users with MS to control the 
information that they could acquire about MS. Furthermore, it was subsequently 
suggested that it would be more appropriate if the AHAM model divided the user 
model into two stages. Doing this would enable the user model to be more accurate 
and reflect the actual needs for users with MS. However, users' responses from the 
two implementations revealed a diversity in the degree of personalisation required. 
Some users expressed a strong desire to control the personalisation aspects provided 
217 
Chapter 6 Discussion 
while others felt happy about the recommendations presented (Le. the suggested 
layout and level of information complexity). Consequently, it was suggested to allow 
users to personalise the control in the future personalised system (discussed in 
Chapter 4, Section 4.5.7.1). 
Incorporating these elements together and defining their relationships introduces a . 
new model that could be used as the basis for the development of a future 
personalised system for the MS community. As it can be seen, the elements of the 
new model have been empirically proven in two 'Evaluation' phases of the design 
research methodology and therefore this can be considered as the most effective 
conceptual model for modelling the personalisation environment within the MS 
domain (research question 3). 
This new model still would be inspired by the AHAM model, and also focuses on the 
storage layer to maintain conformance with the Dexter model. Therefore, it is kept at 
an abstract level - i.e. it does not show the entire process and interactions. Instead, it 
suggests an overall architecture and shows significant elements that are fundamental 
for the development of a future personalised system within the MS domain. 
Moreover, it explains broadly the interactions and the relationships between its 
constituent parts. 
Figure 6.4 shows this new model. The domain model, personalisation model, user 
model and personalisation controller are all presented. The user model (UM) includes 
two-stage modelling - UM stage I and UM stage 2. The UM stage I is aimed at 
building the initial users profile which typically could be a accomplished by requiring 
users to fill out a form. In addition to acquiring information about users themselves 
(depending on the degree of personal information disclosure chosen by users -
discussed in Chapter 5, Section 5.4.6), they can also personalise the control. This 
could be achieved by including a 'personalisation controller' that allows users to 
specify the preferred level of control within a personalised system. Applying this, 
would enable the system to ascertain the degree of personalisation required and hence 
to determine the level of interaction with users. For instance, if the personalisation 
controller was set to e.g. 'Low', then the system would determine that setting up all 
personalisation aspects should be done by the user, and therefore interaction (e.g. 
system's recommendations/suggestions) should be kept at a minimum. 
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Infoooation from the UM stage 1 is then fed into the personalisation model where the 
designated personalisation rules would be executed by the personalisation engine 
(which is part of the personalisation model). Having deteooined the relevant 
personalisation rules, the personalisation engine would then extract the required 
content that matches infoooation in the user's profile in teoos oflevel of infoooation 
complexity (i.e. basic, inteooediate and detailed) and layout. 
Figure 6.4 The new devised model 
The UM stage 2 would be needed if users wish to modifY the infoooation in their 
profiles - either their personal infoooation or the level of the personalisation 
controller. When users change the level of personalisation controller, this infoooation 
would be communicated to the personalisation model where the personalisation 
engine selects the appropriate personalisation rules. For instance, if a user sets the 
personalisation controller to 'High', this indicates that the personalisation engine 
would be responsible for running the personalisation rules. In this sense, automatic 
updating of the user's profile (e.g. updating the user's knowledge about a topic or 
mentoring the browsing history) would be carried out within the personalised system. 
Consequently, the infoooation maintained in the user's profile can be used e.g. to 
recommend links to relevant topics or showing the next appropriate level of 
infoooation complexity. 
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Figure 6.5 shows the development stages of the new personalisation model for the MS 
community. Part (a) represents the old AHAM model, part (b) shows the first change 
of AHAM which required introducing two-stages user model and part (c) represents 
the new devised model including two-stages user model, a personalisation controller 
and a domain model developed at three level of complexity. 
Run-time Layer 
Presentation Specification~ 
Teaching Model 
Domain User 
-
Storage Layer Storage layer 
Model Model 
Anchoring 
Within-Component Layer Within-component Layer 
(a) (b) 
Run-time Layer 
Anchoring 
(c) 
Figure 6.5 Development stages of the new personalisation model 
6.7. Summary 
In this chapter, an overall discussion was presented in terms of significant themes 
including the adopted personalisation model, the used technology for development 
and suggestions for further development to a future personalised system in the MS 
domain. Furthermore, a guideline for developing a personalised system and a new 
personalisation model were presented. 
220 
Chapter 6 Discussion 
The next chapter (Chapter 7) presents the conclusions, recommendations and 
suggestions for further research. It also outlines the limitations and contributions of 
this research. 
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Chapter 7 
Conclusions and Recommendations 
7.1. Introduction 
This chapter first provides a brief reflection on the methodology and then shows how 
the objectives of the research were fulfilled by answering the research questions. In 
addition, the contribution of this work is outlined, limitations considered and a 
number of recommendation presented. Finally, some suggestions are given for future 
work within the area of personalisation. 
7.2. Reflection on the design research methodology 
The design research methodology adopted was deemed successful for this research. 
The nature of this research was exploratory and based on a design of artefacts (i.e. 
personalisation systems) that needed evaluation by individuals from the MS 
community to identify the benefits of using the personalisation as an approach to 
access Web-based information. The phases of design research including' awareness of 
the problem', 'suggestions', 'development', 'evaluation' and 'conclusion', meant that 
this research could be approached in a systematic way within the time frame 
allocated. For instance during the awareness phase, the research problem was 
formulated by surveying the literature and looking at previous research within the 
same context. This in retum, fed into the next phase and helped envisage the solution 
for the problem. In the same way, this fed into the subsequent phases which involved 
creating the design and then evaluating it with individuals from the target community. 
Therefore, it can be seen that these phases helped approach this research in more 
systematic and planned manner. 
The iterative nature (i.e. circumscription process) of the design research methodology 
was beneficial. The knowledge acquired during the first iteration was transferred into 
the next iteration where a better awareness of the problem was gained. This enhanced 
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the solution envisaged during the first iteration which then led into a modification in 
the functionalities of the prototype system. Subsequently, this was fol1owed by 
another evaluation phase which revealed additional information that could have been 
used to undertake another iteration. 
General1y, using design research as a research methodology was beneficial and 
helped fulfil the aim of this research and answer the research questions. This is 
outlined in the following sections. 
7.3. Conclusions 
The focus ofthis exploratory and empirical research was on determining if the access 
to Web-based information, by people with MS, is facilitated by providing them with 
personalised information in terms content, links and presentations. 
The fulfilment of this research focus (i.e. the aim) resulted from achieving the 
research objectives. The achievement of this research aim and objectives were 
accomplished through answering the research questions which were set out in 
Chapter I, Section 1.3. The fol1owing shows the main conclusions which answer the 
research questions. 
Ql: To what extent does modelling users with MS, in a personalised system, based on 
their conditions and state of knowledge (i.e. seen/unseen pages) help meet their 
information needs? 
Acquiring users information was deemed necessary to provide users with appropriate 
level of information details (i.e. complexity), links and presentation. The process of 
modelling the users information within the prototype is called user profiling. In the 
prototype system, users were modelled based on their conditions and their knowledge 
about concepts (i.e. pages they have seen/read). Results from this research indicated 
diversity among users with MS in terms of the appropriate level of information 
complexity and presentation required. Although assigning the level of information 
complexity and the layout based on the users' conditions was successful in some 
cases, it still could not cater for all MS users. This implies that modelling users based 
solely on their condition would not be successful in a future personalised system. 
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Modelling users based on their level of knowledge for seen/unseen topics was also 
deemed as less successful. In this approach, users were provided with a set of 
appropriate links that lead to pages related to the topic being viewed. The results from 
the implementations indicated that users wanted to make selections of their own 
choices even in terms of the navigational path (i.e. links) rather than being advised or 
directed to take a particular route. 
However, all users were happy with the ability to change preferences in their profiles. 
This process was part of the users model in the prototype system. This type of 
functionality resembles a type of personalisation called customisation (see Chapter 2, 
Section 2.3.1). In customisation, users are responsible for setting up all the 
personalisation options which in return lead them (based on the design) to the content 
or layout they desire. This type of personalisation enables users to take an active role 
and to engage more with the system as they interact with it. Furthermore, this gave a 
sense of being in control over the personalisation aspects of the prototype system. 
Feeling in control was one of the main outcomes of this research work. It affected 
most of the users' needs in terms of the personalisation options/functionalities 
required and the way to present these options. 
The problem with this approach, however, lies in the fact that some people with MS 
may not be able to make choices during time of fatigue, or they may simply desire 
direction. This diversity in terms of the desired degree of control over the 
personalisation process within a system could be resolved by enabling users to control 
the level of personalisation within the given system. For instance, levels of control 
might be 'High', 'Medium', and 'Low'. The level of 'High' means that users wish the 
personalised system to control all aspects of personalisation. Therefore, the 
behavioural-based personalisation would be an appropriate approach to apply. The 
level of 'Medium' means that users wish to be in control, but they do not mind 
receiving recommendations/suggestions from the system. In this case, a rule-based 
personalisation approach, with the ability to override it by users, would be a good 
candidate. When users desire to be in full control over the personalisation process, 
this means they want to specify a level of 'Low'. In this case, it would be the users' 
responsibility to setup/select all the personalisation options needed. A customisation 
approach, in this situation, would be sui table. 
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Q2: What is the most effective conceptual model for modelling the personalisation 
environment with respect to the MS domain? 
The conceptual model adopted for personalisation, i.e. the AHAM model, was 
appropriate to the study. However, modifications needed to be introduced to this 
model based on the implementation of the prototype. The user model of the prototype 
system went through two stages of development. Initially, users were modelled based 
on their conditions. Subsequently, users were modelled based on their ability to 
override the personalisation rules. This formed the first development for the user 
model, and therefore two-stages for modelling users was added to the AHAM model 
(see Chapter 6, Section 6.6). 
However, even this did not meet all the situations and needs. of users with MS. Results 
from the two implementations showed a great deal of diversity in terms of the needs, 
preference and the level of control required by users with MS. Therefore, another 
modification was introduced to the AHAM model - controlling the level of 
personalisation. As mentioned before, this would enable users to have the required 
level of control and interaction desired within a given system. 
Nevertheless, a disadvantage of this new model might be an increase in system 
complexity. Adopting this new model for the development of a personalised system 
would require the designers to apply three personalisation approaches including 
customisation, rule-based and behavioural personalisation. The amount of coding and 
effort required is expected to be high. Nonetheless, once the content and the logic are 
created, it would be relatively easy task to maintain or update the personalised system 
(this is due to the ability to separate the content, logic and presentation that is 
facilitated by the XML technology) assuming appropriate content was available. 
Q3: Are the technologies including XML, XSLT and Apache Cocoon appropriate for 
constructing a personalised information system within the MS domain? 
It is believed that using XML, XSLT and Apache Cocoon as the underlying 
development technologies for the prototype system was appropriate. XML was used 
to describe the semantic of the content and to create information chunks at three levels 
of details (i.e. complexity) including basic, intermediate and detailed. Another 
advantage was the use of the XML attributes which helped in extracting the relevant 
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XML chunks based on users profiles. However, an authoring overhead was required 
to generate content at appropriate levels of complexity. 
XSLT was a powerful language for transforming the XML chunks into HTML format 
for the final presentation. XSLT also implemented the logic (i.e. the personalisation 
rules) and facilitated the interaction between the user model and the domain model in 
the prototype system (i.e. served as the adaptive engine in AHAM). 
The interactions between the domain model, user model and the personalisation 
model were supported by the Apache Cocoon framework. As described in Chapter 4, 
the pipeline approach adopted in Cocoon enabled the prototype system to accomplish 
the required interactions between the XML, XSLT and the user profiles stored in a 
MySQL database. Furthermore, Apache Cocoon is shipped with ready components 
that enables systems to publish content in other formats such as WML, PDF, SVG and 
RTF (though only HTML format was used in the current development). This 
framework is scalable, because it allows the development of components (using 
JAVA) to achieve a particular functionality required for the system. However, there 
are some disadvantages of this framework. The main one being that incompatibility 
problems may occur when migrating to a newer version of Cocoon and the unfriendly 
errors messages encountered during the development process. 
Generally speaking, apart from the minor disadvantages mentioned earlier, XML, 
XSLT and Apache Cocoon were found to be efficient technologies in constructing the 
personalised prototype system. 
Q4: What are the most significant characteristics of a personalised information 
system that should be taken into consideration when designing a personalised system 
for people with MS? 
It is true that the successful implementation of a personalised system within the MS 
domain is facilitated by the use of appropriate technology. However, such a system 
could stilI be unsuccessful if the developers do not take on board some key 
characteristics informed by this research work including: 
• Design content at progressive levels: it was found from the implementation 
that users felt positive about having the content provided at three levels of 
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complexity (i.e. basic, intermediate and detailed) particularly with respect to 
fatigue. However, this approach needs individuals with MS expertise and good 
writing skills to author appropriate materials. Without this collaboration, it is 
possible to author content that looks simple (i.e. in basic format), but is still 
hard to understand. 
• Allow users to take an active role by providing them with sufficient level of 
explanations. It is important that a personalised system be able to engage users 
so that they can comprehend the results of personalisation. For example, it was 
found in the implementation that users needed to understand why their 
personal information was collected. Some users expressed a worry when they 
were asked to provide their personal information. Other users, during the 
second implementation, thought that selecting the symptoms being 
experienced in the registration form would result in generating pages 
describing these symptoms. Although, this was a valid user requirement (i.e. 
providing users with a list of symptoms during the registration), it reflected an 
insufficient level of explanations provided within the prototype system. 
Furthermore, users need to know on what basis the personalisation occurs. For 
instance, it was indicated by the MS expert that users (especially those in the 
early stages of diagnosis) might believe that they might develop all the 
symptoms cited by the personalised system, because it is personalised to them 
- this could clearly be quite distressing. A clear statement, indicating that the 
system personalises the level of details and the layout of content based on their 
profiles so that they could read and understand the information more easily, 
would be a suitable explanation. Therefore, incorporating appropriate levels of 
explanation, in a personalised system, was found to be necessary for users to 
understand the system's behaviour and resolve any possible misunderstanding. 
• Enable users to control, choose and override the personalisation rules. The 
sense of being in control was one significant finding in the study. For any 
personalised system designed for the MS domain, it is very important to 
provide people with MS a certain level of control. For instance, all 
interviewees felt positive about the ability to override the personalisation rules 
in terms of the assigned level of complexity and the presentational aspects. 
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Even users who felt happy about their assigned values (i.e. level of 
complexity, font si;>:e and background colour), appreciated the ability to 
override these values. Providing users with a level of control within a 
personalised system can take many forms. For instance, users can select the 
font size and type, the background colour and the level of information 
complexity. Users can choose the content type as textual, pictorial, video or a 
combination of these types. Also, personalisation can take the form of 
selecting the topic that users wish to see. However, one challenge of this 
approach is that it is not clear when users should be given the opportunity to 
control the elements mentioned earlier. One solution to this could be to give 
the user control of the level of personalisation. 
7.4. Recommendations 
There are a number of recommendations that can be made that would increase the 
applicability of such a system to the target audience including: 
• Consult MS domain experts during the phase of creating the content of the 
system. It was found during the implementation that the cooperation with MS 
experts was deemed necessary to produce more reliable and consistent 
information within the prototype. 
• Integrate assistive technology and make it a part of the personalisation options 
available to users. This would be beneficial particularly for individuals with 
mobility or sight problems. 
• Publish the prototype system on the Internet (by deploying it on a Web server) 
to consolidate the implementation process. The methodology used during this 
implementation was efficient in terms of acquiring in-depth information from 
interviewees, but it was time consuming. Making the prototype system 
available on Internet and allowing users to access it during their spare time 
would speed up the evaluation process, increase the number of participants 
and allow data to be collected using an altemative research method. For 
example, a simple questionnaire could be integrated into the design of the 
prototype that users could be asked to fill-in after completing the interaction. 
This would enlarge the population sample and help make the results 
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generalisable to larger MS community. In addition, activities of users could be 
logged, analysed and subsequently used to provide additional personalisation. 
7.5. Contribution of the study 
A number of contributions have been achieved through this research and have been 
outlined already, however there are two main contributions: 
• Exploring how people with MS may benefit from having access to information 
resources using the prototype revealed two important findings - first, people 
with MS showed a strong desire to control the personalisation process. 
Second, they liked the information being presented in different level of 
complexity. This consequently developed a better understanding of the 
requirements of people with MS in terms of using a personalised system to 
access Web information resources. The main findings outlined in this research 
could be applied to other information about MS. For instance, the prototype 
system included certain topics about MS such as symptoms and treatments of 
MS. However, other topics about, for instance, support groups and service 
providers could be personalised and provided in progressive levels of details 
that are controlled by MS sufferers. 
• Understanding the personalisation needs for people with MS led to the 
development of a new model that specifically models the personalisation 
environment with respect to the MS domain. This new model could be 
generalised to other domains who share the same conditions with people with 
MS. For instance, people with cancer, who may also experience periods of 
fatigue during their illness, may desire to control the detail of information that 
they desire to read about. Therefore, adopting the model resulting from this 
research as the underlying model for developing a personalised information 
system for patients with health conditions that produce similar symptoms (e.g. 
cancer) could meet their needs by enhancing their access to Web-based 
resources. 
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7.6. Limitation of the study 
There are of course several limitations to this work. These limitations are represented 
below: 
• The lack of user needs analysis: because of the time allowed, there was no in-
depth user needs analysis (that relates specifically to their need or desire for 
personalisation) conducted before commencing the construction of the 
prototype system. The initial understanding of the user requirements was 
based on previous research concerning information needs in general rather 
than the need for personalisation. However the development of the prototype 
did enable the researcher to identify in more detail the personalisation needs of 
the MS community. 
• The lack of technical skills: the researcher had to develop technical skills from 
scratch as he had no previous skills in XML, XSLT and particularly the 
Apache Cocoon framework. Therefore, the researcher had to learn these 
technologies to build the prototype system. This process. consumed a 
substantial amount of time during this project. 
• The small number of participants involved (in terms of the number and the age 
group): although there are a large number of MS sufferers in the UK, the 
number that 'were locally available for interviewing were limited and those 
willing to take part in research fewer. Although the sample used to evaluate 
the prototype was as representative a sample as could be obtained, it can not 
therefore be guaranteed to reflect the attitudes of the larger MS population. 
7.7. Further research 
During the course of this research, a number of avenues were identified with potential 
for further research including: 
• Identifying when to give users the opportunity to control/setup the 
personalisation options. It was found during the implementation that it was 
necessary to give users the ability to control personalisation options such as 
setting the desired level of complexity, font type and size, background colour 
and the inclusion of video or audio content. Although, some of these options 
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could be useful if users could control them before creating their profiles (such 
as font size and background colour), other personalisation options needed 
mdre investigation to identify when and how they should be controlled by 
users with MS. 
• Incorporating an applicable map visualisation technique into the design of a 
future personalised system. The first implementation (Chapter 4, Section 
4.5.3) noted that employing a map visualisation technique could help users to 
visualise and identify their location particularly if the hyperspace of the 
system is large. An investigation would be required to identify the most 
appropriate technique, and how technically it could be integrated within the 
design of a personalised system bearing mind the requirements of people with 
MS. 
• It was found in the first implementation, and reinforced in the second, that 
users liked using videos. Users' responses indicted that using videos could be 
very beneficial as it could help MS suffers to easily acquire information about 
MS, especially during periods of fatigue. However, authoring content and 
particularly videos at three levels of complexity may be impractical and 
certainly time consuming for a developer of a future personalised system. This 
would be helped if the personalisation system could employ a metadata 
harvesting technique for incorporating new content including videos from 
external repositories. Therefore, it was proposed that a metadata harvesting 
technique using the OAIIPMH protocol could be used in the personalisation 
system to harvest video files from external repositories. A theoretical 
implementation of this approach was suggested in Chapter 6 (Section 6.4). 
However, more investigation would be required to identify how this could be 
incorporated effectively, particularly within the Apache Cocoon environment. 
• Generally, it would be interesting to explore the applicability of 
personalisation and in particular the devised conceptual model in facilitating 
the access to information resources for other medical domains such as people 
with cancer or Alzheimer's. Patients with Alzheimer, for instance, suffering 
from cognitive impairment may benefit from acquiring information at a 
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particular level of complexity and change that as the condition changes. This 
could effectively be achieved using content personalisation. 
This research has provided an excellent opportunity to explore personalisation and 
related technologies. It has led to concrete suggestions for implementing personalised 
information solutions for people with MS. It has also highlighted the complexity of 
the personalisation domain and the need for continued research in this area. 
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Appendices 
Appendix 1 - Task-sheet(l) steps and questions 
Table 1 Task·sheet (1) Steps and Questions 
I. Open the Internet explorer. 
2. Select "Register" link. 
3. Decide on an easy to memorise 
username and password and: 
3.1. Enter a proper usemame in 
the "Username" input field. 
3.2. Enter a proper password in 
the "Password" input field. 
4. Select problems that are being 
experienced by selecting one of 
the radio buttons on the page. 
5. On completion, select "Register" 
button. 
6. Review the entered values on the 
screen and either: 
6.1. Select "Create profile" 
button to create the user's 
profile and proceed to step 
9. 
6.2. Or select "back" button to 
alter the designated values 
and repeat steps 3·8. 
7. Click "Login" link. 
8. Enter the user usemame and 
password created in step 3. 
8.1. If error occurs, click 
"Login" link and check that 
you correctly type in the 
username and password. 
9. Review your preferences in the 
table. 
• Does the infonnation on this page make the 
user aware of what he is going to get before 
staring the orientation? 
• Do you have any suggestion for 
im rovement? 
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Table 2 Task-sheet (2) Steps and Questions 
.. -::;-: .' .. ' "Steps .. ......... I·.· .. ······..i··.·>:?ues~o~s..~":c ... ' 
. .... .......•. ". I>" ................................... ; ..••.• :.. . ....... > ..•.•.••... 
I. Click "Start • What do you think about the level of content (level of 
orientation" link. information) and the presentation style (font size and 
background colour) being displayed with regards to the 
problem being selected? 
• Do you have any suggestion for improvement? 
2. Loo k at links located • What do you think these links will get to you? 
under the "Available 
levels of infonnation" 
heading. 
3. Explore different levels • Do you think these links clearly indicate the type of 
of information of the document in terms of its level of information? 
current page being 0 Why do you think that? 
displayed using links 0 Or, why do not you think that? 
located under the • How could you differentiate between the available 
"Available levels of levels of information? 
information" heading 0 Or, why could not you differentiate between 
3.1. When finish the available levels of information? 
exploring, click "Back" • What do you think about the amount of content being 
link. used on basic, intermediate and detailed pages? 
• What do you think about the way of presenting figures 
on basic, intermediate and detailed pages (i.e., full size 
for basic, thumbnail for intermediate and links lead to 
the figure for detailed)? 
• Do you have any suggestion for improvement? 
'. 
4. Look at the links • What do you think these links will get to you? 
located under the 
"Appropriate links" 
heading. 
5. FolIow some ofthe • Do you think these links clearly indicate their 
links located under the functionality to the user? 
"Appropriate links" 0 Why do you think that? 
heading. 0 Or, why do not you think that? 
5.1. When finish, close • What do you think about opening these links in a new 
the new opened window. window? 
• Do you have any suggestion for improvement? 
6. Click "Personalise" link • What do you think about the feature of changing the 
and: background colour and font size for people with sight 
6.1. Change the problems? 
background colour 
(anything your prefer • What do you think about the feature of changing the 
from the list). 
level of information for people who with fatigue 6.2. Change the font 
size (anything you prefer 
from the list). 
symptoms? 
6.3. Change the level of 
Do you have any suggestion for improvement? information to be • 
"detailed". 
• What other personalisation features would you consider 
them useful to be included in the system? 
0 In what ways do you think they could be 
useful? 
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7. Click "Change" button. 
8. Click "Apply changes" 
link to confinn the 
previous changes or: 
8.1. Click "Back" link 
and repeat steps 6.1-8. 
9. Use "show more", • What do you think about using these links inside the 
"Hide more", "Show current page being displayed? 
explanation" and "Hide 
explanation" links to 
show and hide further 
content. 
10. Click any "See Figure" 
link to view the figure 
10.1. When finish, 
close the new opened 
window. 
11. When desired to 
tenninate the 
interaction and to 
constantly save your 
changes, click "Logout" 
link. 
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Appendix 2 - Individual interviews and focus group questions 
Table 3 Individual interviews questions 
• What do you think about the degree of personalisation implemented in the Website? 
• What other problems do you think are important to be taken into account when 
designing for people with MS? 
• What do you think about providing personalised content and presentation according to 
the user's age group? 
• What do you think about providing personalised content according to the user's 
gender?· 
• What do you think of providing personalised materials (different information) 
according to the role of user i.e. personalised materials will not only be provided to MS 
people but also for their carers, family members, health workers, etc.? 
• After taking this orientation, what do you think about personalisation? 
Table 4 Focus group questions 
• How suitable do you find the information presented to you for a person with: 
o Sight problems? 
o Fatigue problems? 
• How suitable is the background colour and font size for a person with sight problems? 
• Do you think people will find it useful to have different levels of information i.e. basic, 
intermediate and detailed? 
• How useful do you find the options provided within the personalisation form? 
• How comfortable are you with providing all information, in terms of mobility, sight, 
state of condition, type of condition, year of diagnosis, where this could influence the 
way you provided with information? 
• Based on the registration you have seen, would you be able would willing to provide 
information such as username, password and the symptoms? 
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Appendix 3 - Cost benefit analysis (CBA) 
Undertaking a CBA would help stakeholders of a future personalised system to take 
more accurate decisions about whether the money and effort required to design a 
complete personalised system, for MS community, is worth worthwhile. To undertake 
the CBA effectively, one should think carefully of what are the costs and the benefits. 
Determining the costs and benefits of a personalised system would need further 
research. However, the following discussion could outline some costs and benefits 
elements (see Table 5). 
Table 5 Some of the expected cost elements in the software development life cycle (adapted from 
(Legas, 1999» 
System design System Analysts, programmers, MS experts and a writer 
System implementation System Analysts, programmers and MS experts 
Evaluation System Analysts, programmers, MS experts and MS users 
Maintenance System Analysts, programmers, MS experts and a writer 
Table 4 shows some of the expected cost elements. These elements only represent 
aspects from the software development life cycle (SDLC). As seen in the above table, 
these costs elements are associated with each step/phase within SDLC including 
system analysts, programmers, MS experts, a writer and MS users. The involvement 
of these elements may vary within the phases of SDLC (i.e. they may not necessarily 
follow the representation in Table 4). It should be noted that the phase of users needs 
analysis was not included (in Table 4) assuming that these were already provided 
from other research. Other elements of costs result from using hardware (e.g. 
computers) and software (e.g. commercial XML editors such as Stylus Studio). These 
are only some sources of the expected costs, and therefore further investigation aimed 
at determining the elements of costs is required. 
Identifying the benefits in this context would be more elusive. However, the benefits 
could be: access, efficiency and satisfaction. The access element addresses the 
question: do users with MS, with different conditions, have better access to 
information resources using a personalised system? Efficiency represents the 
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question: does the provision of personalised information empower users with MS to 
manage their conditions more efficiently? Finally, satisfaction considers the question: 
do users with MS acquire relevant content in a relevant format using a personalised 
system? Certainly, there are more benefits that can be identified using a personalised 
system which would need further investigation. 
The elements of benefits are not entirely intangible, they can be quantified using a 
subjective, qualitative rating system - e.g. using rating from I to 5. Consequently, a 
normalisation of the costs and benefits is required in order to do the analysis I more 
easily (Legas, 1999). 
I These are only very general steps for undertaking CBA, more comprehensive details can be found at: 
http://irm.cit.nih.gov/itmralcbaguide.html 
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Appendix 4 - Using the 'meaning condensation' approach 
Table 6 Examples of using the 'meaning condensation' approach to analyse the users' responses 
'i:', :" " >'''' , ",> ... :" < 
. Mealllngulllts 
"[ think it is good. There is just a 
little bit of explanation and I think 
that is ideal. If you got a lot of 
wn'ting, you would get fed up with 
reading it, but this is just little 
paragraphs which I think is very 
The preference to have 
succinct presentation of 
infonnation (i.e. at 
basic level of 
complexity) 
good. " The suitability of the 
~ ______________________________ ~ ______________ ~ inferences: the 
"I am less convinced about the system 
choosing it for you based on criteria 
that yo~ set. I think it is good if you 
set it for yourself. I think it is best if 
you know what the choices are and 
what the consequences of those 
choices are, so if you say: you can 
choose the font size and that will 
make the screen ea~ier to read; you 
can choose the information 
complexity and that will mean how 
much text is presented to you, and 
then the user makes the choice and 
personalise it to the preferences. 
There is very much variation even 
between people with sight and 
fatigue problems in terms 0/ what 
makes things easy for them to read,' 
so, in a way it is better let users find 
their comfortable set of parameters 
and then to be able to tailor that. " 
"You can always do sounds as well of 
course which you do not have here. 
That is something I quite enjoy on 
other sites every now and then instead 
of reading through loads of 
explanation - just click on it and see 
a film. On the BBC you can watch a 
The preference to 
choose the level of 
complexity rather than 
it being set by the 
system. 
assigned level of 
complexity based on 
symptoms. 
Domillant theme 
The desire to have 
videos in addition to 
the text. 
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snippet of news instead of reading 
about what is happening in Palestine 
at the moment; you just click on it and 
there is a liftlefllm and you can listen 
to what is the reporter saying - it is a 
lot easier. Going back to my fatigue I 
find it a lot easier to listen rather than 
to read through all of this writing; so 
to my mind you can incorporate 
those,' I like to see something like 
that; it would make ifgood." 
"Some people have problems with 
sight, so what about a bit of talk? I 
use a programme on the computer 
that reads the text for me. " 
• • ••••• ••••• • ••• •••••••• 
• .. . Meanin!! units 
If you are going too deep to start with 
it goes over your head and you don't 
take anything in, and here it is useful 
that you feed it in at different levels. " 
The desire to have 
audios in addition to 
the text. 
Positive feeling 
towards having the 
information at 
progressive levels. 
Using other media 
types including videos 
and audios. 
f-----------------+--------.:...-I Using different levels 
of information 
"That is a progressive thing,' start 
with basic [and then view 
intermediate and detailed}. [For 
instance, if you have a sight 
problem] you will say 'why have I 
got a sight problem with MS? Why 
does MS cause my sight problem?' It 
is like a progressive thing isn't it. You 
follow like a sort of basic mode then 
why 1 got it, and why is it causing this 
then you want to delve into more of it 
don 'f you? So, progresSively you want 
to get more and more details as you 
progress. " 
Contextualise the use 
of information, by a 
person with MS, at 
progressive levels. 
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complexity. 
· I 
